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P..aids in the selection of correct 
ALLOY COMPOSITIONS 











' for HEAT and CORROSION RESISTANT CASTINGS 





@ To facilitate specification of alloy castings for service under conditions 
of elevated temperature, severe corrosion, or both, the Alloy Casting 
Institute has adopted a series of designations to cover all standard types 
of compositions recommended for such service. Copies of these con- 
venient listings are available on request. Use them when ordering 


or specifying Nickel-Chromium-lron alloy castings. 


Write today for your copy. 
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Peacetime Benefits from PN I eo advise ne rend nce e’ rg ee ees . 81 


HAROLD SCHOR. “Military research,’ a much misused term, is defined 
the light of actual results, which show that military-sponsored research is 
not basically different from “peacetime” research. The proof is given in 
documented examples of benefits to peacetime living, derived from mili- 
tary research. 


High Temperature Greases 


H. A. McConviL_e. Greases that behave nicely in ball and roller bearings 
at ordinary temperatures seldom are suitable at high temperatures. 





A Product Designs 


Pneumatic Power Shovei Controls, Automotive Ventilating System, Chill. 
ing Units for Bread Wrapping Machine, High Speed Die Casting Machine, 
Punched Tape Engine Test Control, Stamped Blower Wheels, Hydraulic 
Power Unit, Submersible Pump. 


Selecting Alloys to Resist Cavitation Erosion......... ere ere pret tancnenaicdaniears 110 
GS R. BEECHING. As high pressure hydraulics are applied to a greater range 
of industrial equipment, cavitation erosion is becoming increasingly import 
Leia ‘ ant to more engineers. The author, formerly with Mond Nickel Company, 
; Ltd. gives new erosion data on many alloys. 
ting - F F i , 
Progress in Review iene Ai st i eg WB ec hi agai elie .114 
ypes 
Developments in the fields of plastics and rubber, iron and steel, and non- 
con- 3 


ferrous metals discussed in articles appearing in current publications. New 
ring materials, their properties and new applications, are presented to give a 
broad picture of the trends. 








) ‘ | | ‘ | . ( () N I i N\ ) 
PUBLISHED MONTHLY by MeGraw- EDITORIAL AND EXECUTIVE OF 
Hill Publishing Company, Inc., James H FLCES 330 WW 42nd St., New York 18 
MeGraw, Founder and Honorary Chair N Y ‘able Address McGraw-Hill, 
man; James H. McGraw, Jr., President; New York 
Curtis W. McGraw, Senior Vice-President BRANCH OFFICES 
ind Treasurer; Joseph A. Gerardi, Secre Atlanta ° R. M. Maultsb 
ary Ne -ison Bond, Director of Advertis 1011 Rhodes-Haverty a0 
ng; E ugene Duffield, Editorial Assistant Boston John H. Koch, P. G 
to the President; J. E. Blackburn, Jr., 1427 Statler 
Director of Circulation Chieage Ray Deen, Anson E 
CORRESPONDENCE ABOUT SUBSC oc 520 N. Michigi 
TIONS should be addressed to: Direct ( r nat er, 
of Circulation, Product Engineering, 330 Cleveland 5 ae ; A. F. Tis 
W. 42nd St., New York 18. Allow at least 1510 Hanna Bld: 
ten days for change of address Indicate Detroit: L. P. Canty, 2089 Penobscot Bldg 
position and company connection on all Los Angeles ‘ R. N. Phela 
subscription orders. 622 S. Hope S 
SUBSCRIPTION RATES: Single copies Philadelphia ; Richard Y. Fuller 
75¢. United States and possessions, $6 for Architects Bldg., 17th and Sansom Sts 
one year, $9 for two years, $12 for three Pittsburgh ; .738-9 Oliver Bldg 
years; Canada, $7 for one year, $11 for St. Louis... eer Continental Bidg 
iwo years, $14 for three years; Latin San Francisco: J. W. Otterson, 68 Post St 
American countries, $10 for one year, $16 Washington...... National Press Bldg 
for two years, $20 for three years: all London.Aldwych House, Aldwych, W.C.2, 
other countries, $15 for one year, $25 for England 
two years, $30 for three years. Entered as second-class matter Aug. 21, 
PUBLICATION OFFICE: 99-129 North 1936, at Post Office, Albany, N. Y., under 
Broadway, Albany 1, N. Y. Return post- act of Mar. 3, 1879. Printed in U.S.A. 


age guaranteed. Member A.B.P., A.B.C. 








c ON F EN T S Cc ON Fitna weE DBD 





Tee TeT eT eC eee T eee eee Tere eT eee eee eee 118 
A. P. Bock. To pay its way, radio frequency heating must either reduce 
production costs or improve quality of the product. Three basic steps for 
evaluating the economics of applying induction or dielectric heating. 
Types of Trolley Conveyor Chain Links and Joints ...............-- eee eee eee eee 122 
SIDNEY REIBEL. Development of the drop-forged, rivetless chain has 
contributed much to the success and increasing use, of the overhead trolley 
conveyor. The author describes typical joints that make this chain flexible 
in vertical or horizontal planes, and in combinations of the two. 
Six Ways to Check Vacumm im Sealed Comtaimers .......... 02sec cc cccccc cece eens 124 
HERMAN BARTENBACH. A rapid method for automatically checking the 
vacuum in sealed containers is needed by the packaging industry. Six 
possible methods are suggested. 
Heliarc Welding for the Difficult-to-Weld Metals and Alloys...................... 137 
H. T. Hersst and F. J. Pita. Hard-to-weld metals such as stainless steel, 
aluminum, phosphor bronze, and others, can be welded successfully by the 
Heliarc process, particularly if joints have been designed properly. 
UOTE ORT eT eT OT Ee TT Tere eT Tee eee eee Teer ee 142 
R. C. WALKER and J. H. Meter. Stress level gage designed to be used 
with recording instruments or with signaling devices to correlate levels of 
stress in large structural members with phases of operation. 
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GEERT BELING. Navy-sponsored wartime research taught basic design 
lessons that have application to some kinds of industrial equipment. 
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H. M. Futmer. Although special motors cost more, their use may net 
a saving in the overall design in terms of performance. 
EE TT TTR TTT eee ee ee eee eT ee eee ee ree ee ee ee 161 
ZOLA Fox. This Reference Book Sheet presents some of the widely used 
finishes and describes the services to which they are applicable. 
ee re 163 
GEORGE BLACK. Since the need for uniform nickel plate thicknesses was 
first recognized, several accepted standards have been set up. This Refer- 
ence Book Sheet presents four standards currently in use. 
FRONT COVER—Modern research is expensive. (See “'Peacetime Bene- 
fits from Military Research, page 81.) Load-deflection tests of aircraft tire 
are being made on a special Baldwin-Southwark universal tester, in the 
Aircraft Laboratory, Wright Field, Ohio. This machine has a capacity of 
3 million Ib in compression, 1 million Ib in tension, is 10 ft wide between 
columns. Photo by U.S.A.F. Air Materiel Command, Kodachrome, Arthur 
D’Eramo. 
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Engineering Abstracts...... 132 Washington Notes......... 153 
oe 149 New Materials and Parts..... 165 
F E B R U A R Y H I G H L I G H T S 
ENGINEERING DEVELOPMENTS in 1947, by Harold Schor, _NotTcH TOUGHNESS OF STEEL PLATES, by D. F. Winden- 
Associate Editor. A review of significant advances in burg, chief physicist, David Taylor Model Basin. Dis- 
electrical and mechanical components, materials and re- cussion of work that has been done to determine the type 
search facilities. of a standard specimen that will yield design data o1. 
GEAR TOOTH INSPECTION METHOD AS AN INDEX OF notch toughness. 
PERFORMANCE, by L. D. Martin, gear engineer, East- FUNDAMENTALS OF NoIsE, by Howard C. Hardy. Inten- 
man Kodak Company. Analysis and interpretation of sity and frequency are interpreted in terms of loudness 


inspection data obtained by two common methods of and annoyance in machine noise. 
checking gear accuracy. 
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Peacetime Benefits 


From Military Research 


HAROLD SCHOR 


Associate Editor 


MANY ARE AGHAST at the tremendous 
government funds being spent for 
military research. 

Three billion dollars so far on 
itomic energy! Over a million dollars 

day now being spent for the atomi 
energy program ! 

And this is only one small phase of 
the tremendous research bill. The 
Army and Navy spent about half a 
billion dollars on research and devel- 
opment work in 1947, and will dis- 
burse a similar amount in 1948. This 
is not all—other federal departments 
ire spending about 125 million dollars 

year in research money. 

Altogether, this is about 100 million 


dollars a year more than is being spent 
for research by private industry, uni 
versities and research institutes com 
bined. Here is another yardstick: Be 
fore the war, government money a 
counted for only one-sixth of the 
nation’s research bill; taxpayers ar 


now footing well over one-half the 


cost. 

Are we getting our money's worth 
out of “military” research? 

The catch in this question is the 
word “military.” It is actually a mis 
nomer. How can any research be purely 
military? And conversely, how can 
peacetime research be classified as non 
military? The automobile, which was 
developed in peacetime, was an essen 
tial vehicle in the last war. So were 
gasoline, airplanes, radios, and many 
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other standard items of modern living 
On the other hand, developments 
which were originated for “purely” 
war purposes have already become inte- 
grated into our peacetime economy 
High frequency electronics, radar navi- 
gation, dynamite, modern farm vehi 
les all had their origin in “war” 
levelopments. 

Research di- 
rected at ‘military ends is indis 


Research is indivisibl 


tinguishable from scientific research in 
general. And scientific progress is 
essential to better living. All scientific 
research, therefore, contributes to bet- 
ter living. 

We all recognize that technical 
superiority must be maintained for na- 
tional security. The German military 
machine was vastly superior to ours, 
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TECHNIQUES DEVELOPED IN ATOMIC RESEARCH 


Atomic pile at Oak Ridge produces radioisotopes for peacetime 
Here, container filled with material to 
be made radioactive is fitted into holes of a graphite carrier block, 
which is then pushed into the center of the pile. 


medical and industrial use. 


from a_ technical standpoint, in the 
early part of the war. In 1940, for 
instance, we did not have a single tank 
with a movable turret! That we were 
able to attain anything near the 
German quality in tanks in three short 
years is a tribute to American scientific 
and engineering genius. As for the 
future, “‘pushbutton’’ warfare is far 
from the realm of fantasy. Wars will 
no longer be decided by superior 
numbers, but by superior quality of 
weapons. 

Since we accept the fact that military 
research is necessary for national se- 
curity, and that such research is of the 
same general kind as all other reseach, 
it follows that results of this research 
should be just as beneficial to society as 
“peacetime” research. Let us see 
whether the facts justify this con- 
clusion. 


Atomic Research 
Benefits 

Shouting for attention is the incal- 
culable good brought to medicine by 


the use of radioisotopes, by products of 
the atomic oven, or “pile.” New basic 


97 


The action of new drugs 


knowledge as to the nature of life pro- 
cesses have resulted. The function of 
substances present in the body in only 
minute quantities—such as metallic 
minerals, vitamins, hormones, and 
enzymes—are now better understood. 
sulfa, peni- 
cillin, streptomycin—can be controlled, 
avoiding harmful reactions, through 
studies with radioactive isotope “'trac- 
ers.” 

New hope in the treatment of cancer 
has arisen through radioisotopes. At 
Memorial Hospital in New York new 
knowledge about cancer of the thyroid 
has resulted from studies with radio- 
iodine. 

Dr. E. V. Cowdry, director of 
Barnard Hospital in St. Louis, reveals 
that an isotope of carbon, carbon 14, 
has actually “tagged” a cancer produc- 
ing chemical in the body. This is an 
enormous stride in the fight against 
cancer. This same carbon 14, has made 
possible for the first time complete 
understanding of photosynthesis, the 
basic plant life process, by biologists. 
Important results in the production of 
sugar cane have already been achieved. 

At Vanderbilt University, radio-gold 
and radio-manganese have been used in 
treating chronic forms of leukemia and 


PRODUCTI 


Neutron bombardment is timed and observed, from the other 
side of the concrete protective wall. Fission product separation 1s 
carefully controlled to produce useful radioactive isotopes. 
pile can be made equivalent in production to hundreds of cyclotrons. 


The 


Hodgins’ disease, both of which are 
“cancerous” ailments. Dr. Paul F. 
Hahn of Vanderbilt reveals that before 
the war, the cost per treatment with 
cyclotron-produced manganese aver- 
aged 92 dollars; pile-produced radio- 
gold from the Atomic Energy Commis- 
sion costs 6 dollars per average treat- 
ment. 

Cancer study is not the only medical 
field profiting from pile-produced 
radioisotopes. Here are a few more, 
chosen at random: A better treatment 
for congestive heart failure has been 
developed, with radio-sodium, by Dr. 
George E. Burch of Tulane University ; 
new knowledge about coronary throm- 
bosis has resulted from tagging blood 
cells with radio phosphorus; anemia 
sufferers may have a new lease on life 
as a result of studies on red blood cells 
tagged with radio-iron. 

In industry and agriculture, radio- 
istopes are paying off. 

Friction studies at the Massachusetts 
Institute of Technology, have already 
been aided with radioactive steel. This 
tracer method has allowed detection of 
the transfer of as little as one hundred 
billionth of an ounce of material from 
one surface to another. Better pistons 
and valves may result. Underground 
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Detecting vacuum leaks is an_ industrial 
& 


through atomic research. 
helium over the evacuated chamber. 


in the vacuum system are drawn off into 


structure of oil fields are being studied 
with radioisotopes, mixed with mud 
and forced underground. Strata poros- 
ity and oil and water content can thus 
be measured. Radioisotope “‘tracers’’ 
study the molecular structure of alloys, 
and measure the sulful and phosphor- 
ous content of iron and steel. This is 
expected to result in cheaper and purer 
products. 

In producing a new source of power, 
atomic research 1s expected to pay off 
far in excess of the investment. There 
is a good possibility of producing 
atomic power competitively with coal 
or oil. The General Electric Company 
is building the 20-million-dollar 


technique improved 
An operator plays 
Small samples of the gas 
the mass-spectrometer 





= 


ai & 


Westinghouse Hlectric Corporation 


HAVE USEFUL INDUSTRIAL APPLICATIONS 
tube of the leak detector; 
atoms. 


a tiny stream of 


freezers, refrigerators, 


Knolls Laboratory under government 
contract, to investigate the commercial 
possibilities of atomic power. 

Atomic power for propulsion is also 
being actively investigated. The U. S. 
Navy is working on designs for an 
atomic-powered ship. Fairchild Engine 
and Aircraft is working on plans for 
an atomic-powered jet-propelled air 
plane. 

In the course of atomic energy r« 
search, many new techniques and in 
struments were discovered. One of 
these “byproducts” was the develop- 
ment of a “leak detector.’’ Developed 
in the Manhattan Project by the West 
inghouse 


Electric Corporation and 





“There must be ample thoroughly coordinated and effective military 


research during peacetime. 


Modern war requires the use of the 
most advanced scientific techniques 


. . Military research does not 


differ in its essential nature from industrial or other types of peacetime 


research. 


“Advances in science when put to practical use mean more jobs, 
higher wages, shorter hours, more abundant crops, more leisure 
for recreation, for study, for learning how to live without the deaden- 
ing drudgery which has been the burden of the common man for 


ages past.” 
—DR. VANNEVAR BUSH, 


President, Carnegie Institution of Washington 


Chairman, Research and Development Board 
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the tube registers the presence of helium 


This provides a convenient, non-destructive, and sensitive 
method of detecting leaks in all types of se iled systet 
air conditioning systems 


including 


other companies, this was a vital in- 
strument, since the escape of any 
radio-active gases meant certain death 
Or injury for personnel. 
Now being manufactured by the 
General Electric Company is a varia- 
tion of this instrument, which detects 


leaks in hermetically sealed 


operating 


systems by 
“spraying” helium, used as a “‘tracer”’ 
gas. This instrument tests for leaks 
in radio-compass equipment for marine 
and aircraft use, a method far superior 
Another 
s making 
Used by the 


to any previous technique 
variation of this instrument 


for better refrigerators 
Servel Corporation, and possil ly other 
companies, production line leak de- 


tectors are assuring peric { Inspection 
of gaseous systems 1n alt conditioning 
ind refrigeration equip! lent, at an ex 


tremely rapid rate. Production economy 
and product safety result 

Another “‘indirect’” benefit of atomi 

earch has been the development of 
pumps which can create vacuums hith- 
erto unknown to man. In many mod- 
erm production techniques, such as 
oating of plastics and other materials 
with metals, extremely high vacuums 
are required. To produce more efficient 
vacuum tubes and coaxial cables for 
modern television and high frequency 
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PENICILLIN PRODUCTION in large volume was made possible 
through war research. Stoppering penicillin vials under aseptic 


EN 


al 


“BABY LUNG” to aid polio victims was developed by the Air 
Force, at Wright Field. Small enough to fit into the palm of the 


S4 


we, 
@ ya >t 4 @ 
Ke , : Chas. Pfizer & Oo, 
conditions was transferred from the laboratory to a “factory” 
operation, utilizing stainless steel tables, sterilamps, air conditioning. 





: : U. 8S. Army A. A. F. Photo 
hand, the resuscitator is placed under the rubber mask. This 
enables manipulation of affected parts, is useful in epidemics 
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electronics, better vacuums are also 
necessary. This high degree of ‘‘empti- 
ness’ is now assured with oil diffusion 
pumps developed during atomic re- 
search. 

The tremendous research done on 
the atomic energy project in the field 
of fluorine chemistry has already borne 
fruit. The taming of this unruly gas 
promises a far reaching expansion of 
industry which will create countless 
new products ranging from improved 
paints, plastics, insecticides and tex- 
tiles, to better electrical apparatus, and 
better automobiles made possible by 
lubricating oil so stable that gears and 
engines can be radically redesigned. A 
new class of compounds discovered, 
known as the “‘fluorocarbons,”’ are im- 
portant because, unlike the hydro- 
carbons, they will not burn and will not 
react with anv of the common chemi 
cals. As lubricants, they promise to be 
far superior to conventional oils and 
greases for heavy duty bearings, where 
high pressures and temperatures are 
encountered. 


Medical Research 
Has Immediate Benefits 


Benefits of war research. affecting 
every man, woman and _ child in 
America, abound in the medical field. 
These dey elopments, while perhaps not 
as ‘‘glamorous’’ as atomic discoveries, 
are nonetheless real. Tremendous ad- 
vances in medical research were made 
at laboratories all over the country. 
under the general direction of the War- 
time Committee for Medical Research 
of the O.S.R.D., headed by Dr. Alfred 
N. Richards. President of the National 
Academy of Sciences and Chief of the 
Medical School of the University of 
Pennsylvania. 

One of the most spectacular medical 
advances of the war was the produc- 
tion of penicillin. What was accom- 
plished in a few short years. would 

ive ordinarily required ‘a decade or 
nore. Penicillin was a laboratory 

riosity before the war: its testing 
nd clinical application, as well as 
's efficient production to bring the 
ice down to the level of the average 
in, is a tribute to American scientific 


genius. In this, the executiv., research, 
engineering and production stafts of 
about twenty manufacturers, the 
Northern Regional Research Labora- 
tories of the Department of Agricul- 
ture. the War Production Board, the 
Office of Scientific Research and Devel- 
opment, the Food and Drug Adminis- 
tration, the Office of Production Re- 
search and Development, the National 
Research Council, the National Insti- 
tute of Health, and other official and 
semi-official agencies have cooperated 

Government intervention ? No! 
Participation, yes. We do not expect 
any objection from a sufferer of pneu 
monia or other infectious disease, 
whose recovery has been speeded with 
the aid of penicillin. 

Another “‘antibiotic’” to come out of 
the war is streptomycin, which was dis- 
covered by Dr. Selman A Waksman of 
Rutgers University in 1944. As soon 
as it was shown by researchers at 
Merck and Company, Rahway, N. J.. 
that streptomycin could combat such 
diseases as tularemia, influenzal menin- 
gitis, and certain urinary tract infec- 
tions, under strength of recommenda- 
tions by Army and Navy doctors, 
W.P.B. granted priorities for plant 
construction. Streptomycin has re- 
cently shown excellent results in the 


treatment of tubercular sinus trouble 


and tubercular kidney disease. 

An ironic result of war research now 
promises to benefit the fight against 
cancer. It was discovered that a 
mustard gas chemical, developed in re- 
search to kill or incapacitate human 
beings, arrested certain types of cancer 
in laboratory animals. This chemical 
known as “HN2” was discovered 
simultaneously and independently at 
the Yale University and Chicago Uni 
versity Medical Schools, under a pro- 
gram of the Chemical Warfare Service. 
More than a thousand people have 
already been treated with this com- 
pound and results are being evaluated 
at the Memorial Hospital in New 
York. While physicians are reluctant 
to make expansive claims for HN2, it 
has already proved useful as a pallia- 
tive treatment for leukemia and Hodg- 
kins’ disease, cancer of the lymph 
nodes. Although doctors insist that 
there is no known cure for cancer, 
HN2 has proven useful in relieving 





. some thirty million dollars or more were spent by our govern- 
ment on military medical research during the course of the war and 
I think that it is not too much to say that all or almost all of the 
results of that expenditure have had value for peacetime medicine.” 


—DR. ALFRED N. RICHARDS, President of the National Academy of Sciences; 
Vice President, and Chief of the Medical School of the University of Pennsylvania 
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symptoms such as pain, poor appetite 
and damage to the nervous system. 
A natural result of a global war is 
the fight against global disease. Ma- 
laria, which has always been something 
of a problem in the southern part of 
the United States, became an active 
menace to our troops fighting in far- 
flung Pacific and African outposts. 
This problem was attacked simultane- 
ously in labora‘ories all over the 
United States and in England. Three 
new anti-malarial chemicals resulted, 
which are now in actual peacetime use. 
These are: (1) Chlorog which is 
a suppressive for one type of malaria, 
but is better than atabrine; (2) penta 
quine, which actually cures malaria, al 
though it is sometimes used with qui 
English dis 
covery, which acts like chloroquine 


nine: (3) paludrine, 


Stimulated by war research, extens 
ive studies were carried on at Harvard 
and other university laboratories on the 
characteristics of human blood. Here 
are a few resu'ts of these studies: The 
albumin fraction of the blood has 
shown to be useful in the treatment of 
shock and in nephritis: the globulins 
of plasma against certain infections 
such as infectious hepatitis methods 
of blood preservation for infusions 
and transfusions have improved medi- 
cal knowledge so that blood can now 


be kept in a better state for longer 


periods of time. It was learned that 
death from burns 1s caused by shock, 
which in turn results from a disturb- 


ance in the sodium and | sium ba! 
ance in blood and body fluids. Now 
prompt administration of blood plasma 
or sp¢ ial sodium salt solutions often 
prevents death 

Developments of the A.A.F. Aero- 
Medical Laboratory at Wright Field 
have already paid off dividends in ci- 
vilian medicine Perhaps the most 
dramatic is the pneumatic balance re- 
suscitator, or “baby lung developed 
by Henry L. Burns of that laboratory 
It is essentially an automatic regulating 
valve. which fits onto an oxygen bottle 
and allows oxygen to flow through a 
mask into the lungs. 

Already recorded is the story of 
Jeanette Gentle, 15 yea: old Birming- 
ham girl, who was suddenly stricken 
with infantile paralysis, which stopped 
her breathing almost completely. A 
sympathetic nurse at the Eliza Coffee 
Memorial Hospital, Russellville, Ala- 
bama, having read of the otter by Gen- 
eral Malcolm C. Grow, Chiet Surgeon 
of the Army Air Forces, of the use of 
the “baby lung” in areas of infantile 
paralysis epidemics, telephoned Wash- 
ington for assistance. Mr. J. D. 
Chatham of the Wright Field Aera 
Medical Laboratory flew to Alabama 
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electronics research—notably for the 


radios and hearing aids are now 


with one of the “baby lungs.” As a 
result, the breathing of the young girl 
was restored immediately. In addition, 
the Sister Kenny treatment could be 
applied to her paralyzed legs at once; 
this cannot be done in an iron lung. 
It is expected that Jeanette will walk 
again. Tests of the “baby lung’’ have 
been completed at Bellevue Hospital i in 
New York, and it is expected to be ex- 
tremely useful in polio epidemics. 
Another device useful in polio and 
other diseases where breathing is af- 
fected is the ‘‘oximeter.”’ Developed 
by Dr. Glenn Millikan in conjunction 
with the Aero-Medical Laboratory, it 
is a photo-electrical method of determ- 
ining immediately when the oxygen 
ina person’ s blood falls toad angerous 
level. The instrument clips on the 
patient’s ear, and oxygen saturation 
can be read accurately from a galvano- 


meter. Thus, there is no guesswork 
when applying resuscitation. 
New insecticides and rodenticides 


were discovered and promoted by war 
research. The spectacular chemical 
DDT, although it was discovered | 
the Germans in the last century, was 
developed for actual use = research 
contracts of the O.S.R.D. and the De- 
partment of Agriculture. The peace 
time use of DDT “‘can scarcely be over 
estimated,” according to Dr. Richards 
“Its usefulness in aborting the typhus 
epidemic in Naples was a dramatic 
demonstration ‘ol its value. Its useful- 
ness against all sorts of insects is being 
demonstrated daily.’ 

Now, it may be possible to wage an 
effective war against rodents with the 
use of ANTU 


and similar chemicals. 


ele) 


‘microtube” is one of 
many subminiature vacuum tubes developed in the course of military 
versatile 
subject to acceleration up to 20,000 times that of gravity. Tiny 


available. 


Cigarette-pack-sized 


over-all 
ments, such as 


proximity fuze to 


Another excellent rodenticide, known 
as ‘‘1080’’, was discovered and is now 


being made commercially. Plant 
growth regulators such as 2, 4-D and 
British Anti-Lewisite (BAL), are put- 


ting pl: unt growth on a more scientific 


basis. 


Research 
For Better Living 
c 


Electronics 


It has often been said that World 
War II was an electronic war. Auto- 
matic gun direction, radar, navigation 
instruments, “‘proximity’’ bomb bursts 

all these required improvement and 
development of electronic components 
to a hitherto undreamed-of extent 

One of the most spectacular devel- 
opments to emerge from military elec- 
tronics research was the radio proxim- 
ity fuze, officially known as the VT 
(variable time) fuze. Instead of be- 
ing forced to make a direct hit on an 
enemy target, the VT fuze made it 
possib ole for the bomb to explode with- 
in a certain radius of the target. 

Here are a few of the peacetime 
results of the VT fuze: 
SUBMINIATURE VACUUM TUBES. Un 
usual compactness, light weight, econ 
omy, efficiency, and electrical stability 
have resulted. The Sylvania Electric 
Company is designing unusually —e 
portable radios with tubes as small ; 

a man’s thumb nail. A radio tube "wn 
recently been announced by the Bureau 
of Standards which 


is slightly larger 
than a grain of rice. 


PrRopuUCT 


radio 
made possible by subminiature vacuum tubes, 
reduction 
‘printed”’ 
and high-dielectric ceramic capacitors, 


in size 





Sylvania Electric Products, Inc. 


MAKES A CIGARETTE-PACK-SIZE RADIO 


receiver (shown 2/3 actual size) is 
which contribute 
Other war develop- 
plug-in subassemblies 


also helped in size reduction. 


and weight. 
electric circuits, 


“PRINTED” ELECTRONIC CIRCUITS. Al- 
ready being manufactured by such 
companies as the Centralab Division 
of the Globe-Union Corporation, this 
method of depositing conductors as 
flat ‘‘lines’’ on a plate, developed at the 
Bureau of Standards, promises to 
eliminate the “‘rat’s nest’ of conven- 
tional radios. Combined with sub- 
miniature vacuum tubes and high di- 
ceramic capacitors, new and 
improved hearing aids, radios and 
television sets are being produced. The 
most recent product made possible by 
these new components is a tiny wrist- 
watch radio transmitter. 


Cc lec tric 


FIGHTING FOREST FIRES. Under a coop- 
erative arrangement between the U. S. 
Forest Service, the Army Air Forces, 
and the Bureau of Standards, experi- 
mental forest fires were recently ex- 
tinguished in the Lolo National Forest, 
near Missoula, Montana. AAF planes 
dropped 165 - gallon water - tank 
which, under control of the 
VT fuze, exploded over the fire at the 
height which had previously been cal- 
culated to have the greatest effect. 

If you get a better radio set now 
than was ever possible before, chalk it 
up to war research. In the words of 
Dr. Frederick E. Terman, Dean of the 
Stanford University School of Engi- 
neering, the “unprecedented 
expansion” of the electronics industry 
“was a direct result of the several hun- 
dreds of millions of dollars spent on 
war electronics research.” 

A good part of the 


“bombs” 


present 


“higher stand- 


ards of living’’ and “increased safety 
to life’ referred to in the boxed state- 
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research. 


lamp within a few minutes. 


ment by Dr. Terman have come as a 
result of radar research. Better, more 
efficient fluorescent lighting is a con- 
crete result of research on radar 
“screens.’’ In the “safety’’ category, 
radar has made an outstanding show- 
ing. One of the first peacetime appli- 
cations of radar has been for marine 
navigation. For the first time, a vessel 
need not lay over in port because of 
possible accidents in fog or adverse 
weather. Operators of a radar- 
equipped Standard Oil towboat haul- 
ing petroleum products on the Ohio 
River, estimate savings to be as much 
as 100 dollars an_hour. 

For aircraft, radar has led to the de- 
velopment of the GCA (Ground Con- 
trol Approach) system, which takes the 
human element out of landing an air- 
plane. Now required by the Army 
and Navy transport services when visi- 
bility is poor, GCA has proven itself 
in avoiding airport accidents. 

Components and principles devel- 
oped through radar research are serv- 
ing in other fields. Cooking with high 
frequency current, a subject of prewar 
artoons, is now an accomplished fact, 
nade possible by the magnetron tube 
if radar sets. Airlines and chain ham- 


Sylvania Electric 

WARTIME RADAR RESEARCH 
Improved television and fluorescent lighting have resulted from radar 
This instrument, developed from 
it possible to quickly record light color values produced by any fluorescent ness and color 
f Previous process, plotting each value by 
hand, was too slow for commercial production control. 








Products, Inc. 


wartime techniques, makes 


burger shops are using this unit to heat 
sandwiches and small meals in a mat- 
ter of seconds. 

Navigation and map-making have 
been vastly improved through applica- 
tion of the high-frequency aspects of 
tadar. A combination radar-and-tele- 
vision has been developed by the Radio 
Corporation of America. Called “'Tel- 
eran,” it gives the airplane pilot an 
actual picture of the countrywide, with 
all obstacles clearly indicated. Pre- 


cision map-making of large areas is 
another accomplished fact, resulting 


from ‘Shoran,” a type of radar. 
Although the original impetus for 
war research in supersonics was as a 
death dealing instrument, scientists 
have turned these findings into peace- 
ful pursuits. Supersonic waves are now 
being used to detect flaws in metallic 
products, without having to destroy the 
product, and without using harmful 
X-ray or radioactive emanations. Su- 
personics are also being used to kill 
bacteria, homogenized milk, speed 
chemical reactions, mix paint, precipt- 
tate dust particles from smoke and 
increase the yield from plant seeds. 
At Columbia University ultrasonic 
waves have penetrated the skulls of 








“We have learned through the war experience that money spent on 
research is a highly profitable investment to society as a ke when 


cost is balanced against overall benefits. 


In the next two decades 


the resulting return to society in the Sone of higher standards of 
living and increased safety to ‘life will be many times the cost of the 


entire war electronics research.” 
—DR. 


FREDERICK E. TERMAN, Dean of the Stanford University School of Engineering 
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BETTER PEACETIME LIGHTING 


efficient fluorescent lighting is enjoyed in 
the home as a result of wartime research to improve bright- 


characterictics of radar “‘scopes’. Such 


research included chemical studies of fluorescent materials, 
as well as studies of light values at different wavelengths. 


animals to perform knifeless surgery. 
Perhaps the most dramatic result has 
been the development of an obstacle 
detector for the use of blind persons, 
which operates by a pulsed sonic beam. 
Developed under the sponsorship of 
the Committee on Sensory Devices of 
the National Academy of Sciences, this 
portable unit promises to make life for 
the blind much easier. 


Military Research 
Aids Personal Comfort 


Promising more comfort for the in- 
dividual in the winter is a Navy-spon- 
sored program for biological research 
within the Arctic Circle. Conducted 
by civilian scientists of Swarthmore 
College and Cornell University, the 
group will s tudy the expenditure and 
economy of animal heat. 

Of more immediate use are the vari 
ous chemical treatments for cloth that 
were developed during the war, pri- 
marily for military use. Heat and 
humidity caused mildew, fungus and 
shrinkage. On a less severe scale, but 
perhaps just as prevalent, is milk lew 
and fungus-growth in the coastal areas 
of the United States. A war- developed 
chemical, copper-8-quinolinolate, 
which prevented clothing, tent fabrics 
and other cotton and leather articles of 
personal equipment from deteriorating, 
is now being produced commercially by 
the Monsanto Chemical Company. It 
has been stated that if “‘copper-8” were 
incorporated into tanning agents for 
leather, transmitting athlete’s foot in 
shoe stores would be impossible ; wear- 


97 











AIRCRAFT HEATER 


= 
Boeing Aircr 


PRINCIPLI 


. 
ft Company 





A ERE 
lk 
hh PB 
Se Co 
7 I a 
a a 
SS 6 
2. a » 

a eee 
> ee ic 
+ ieee = & 
Sa * 
; — 


South Wind Div., Stewart-Warner Corp. 


APPLIED TO HOME HEATING 
Ice on windshield, wings and tail of military aircraft is  pre- The aircraft heater has been adapted for home use 51 Stewart 
vented from forming by a heating system which burns a mix Warner Corporation, which helped develop the military version. 
ture of gasoline and air piped from the aircraft engine. Shown Natural or city gas is used, and the fuel is ignited by spark plugs 
is the heater being tested in the tail-section of a B-50 bomber in a combustion chamber. Heating capacity: s1s roms, 
ers of such shoes would have less of developing electrically heated flying new type of machine ENIAC, 


chance of picking up the fungus. 

A shrink-preventive process was de- 
veloped for the armed services by the 
Harris Research Laboratories, Wash 
ington, D. C. Constant replacement 
of woolen socks had become a serious 
problem in the Army and Navy. Ap- 
proximately 100,000,000 pairs of socks 
were treated with this process, with the 
result that the average life of the socks 
was doubled. This treatment makes 
woolen garments resistant to shrink- 
age during laundering. 

Winter clothing will be lighter, 
warmer, and more comfortable, as a 
result of still another war dey elopment 
First discovered at the University of 
Michigan was the fact that silica gel, 
which ordinarily is used to absorb 
water, when treated with a monomole- 
cular layer of a special chemical, acts 
as a remarkable insulant. 


A large rub- 
ber company is now experimenting 
with clothing made from rubber latex 
with the silica gel bonded into it. This 
material has the property of keeping 
water out, but allowing body moisture 
to evaporate through it Jackets made 
from a single layer of this material 
were recently distributed to duck hunt- 


ers all over the country for experi- 


mental wear, reports were unani- 
mously enthusiastic. 
The General Electric Company, 


which had marketed an electric blanket 
before the war, was assigned the task 


$s 


suits, gloves and boots for the Army 
Air Forces. This research led to the 
development of a spiral type wire, 
which allows better heating control, 
used in the postwar blanket. 

Comfort in the home was also aided 
Designed for aircraft cabin heating and 
thermal anti-icing was a special heater 
developed under the 
Wright Field engineers. 


direction of 

This ‘ram 
operated” heater was fueled from the 
air-plane’s gas line. Fuel and air were 
mixed at the heater. Now being manu- 
factured by the South Wind Division, 
Stewart Warner Corporation, is a home 
heater based on the same principle as 
the aircraft heater, operating on natural 
gas, or regular city gas. The ram of 
the airplane is replaced by a fan. It 
differs from conventional home ga; 
furnaces in that the fuel is ignited by 
spark plugs in a combustion chamber 
rather than by a pilot light. A 140 
pound heater of this type, about the 
size of a small suitcase, with ducting 
and controls, heats a small house. 


New Techniques Help 
Industry and Consumer 


A little-known war bonus for Amer- 
ican industry was the development of 
large and extremely rapid calculating 
machines. The “‘grandaddy” of this 
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built for the Army Ordnance Depart- 


ment at the University of Pennsylvania. 
Developed originally for rap: 1 calcula- 
tion of ordnance firing tables, the new 
machine already has a s- of 


indus- 
trial uses. 


It is being app ied to de- 
sign of vacuum tubes, and expensive 
ent; tO ae- 
sign of mechanical products, 
steam and gas turbines: to aircraft de- 
sign; and to the entire field of hydro- 
dynamics, or fluids in motion. Perhaps 
its most far reaching use is in the han- 
dling of statistical data 

tion of which ts the scien 


electrical generating equipm 


such as 


applica- 
weather 
forecasting. 

mathemat- 
applied in 


Through these machine 
ics is being more generally 
industry. As a result, the “guesswork” 
is being taken out of the design of 
many products and processes. In re- 
sponse to this demand, the National 
Applied Mathematics Laboratories 
have been established as a division of 
the National Bureau of Standards. It 
is perhaps needless to say that no one 
firm could take over the development 
of such a far-reaching technique. Yet, 
here again, the benefits wil! be to all. 

Another “technique” 3 elerated by 
war needs was the use of large-volume 
oxygen. Formerly used small, ex- 
pensive quantities—mainly in medi- 
cine-oxygen is now being manufac- 
tured cheaply and in large quantities, 
as a result of war resear First, a 


ary, 1945 
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portable exygen-producing unit, to 
meet the needs of the armed services, 
was developed by the M. W’. Kellogg 
Company, under O.S.R.D. contract. At 
present, large-scale production of oxy- 
gen 1s making synthetic gasoline from 
coal possible. This is a variation of a 
process the Germans used during the 
war, and is much more efficient. 

A second use of large-volume oxy- 
gen is in the steel-making industry. 
Not only is increased open-hearth efh- 
ciency expected, but cheaper, more 
accurately controlled alloy steels may 
also result. An experimental oxygen- 
blast furnace unit is being operated at 
Johnstown, Pa., by Bethlehem Steel 
Company, in conjunction with the 
Koppers and Air Reduction companies. 

Better refrigerators, washing ma- 
chines, bridges—everything made of 
metal and requiring welding for as- 
sembly—have come as a result of 
welding research during the war. This 
is a “hidden” peacetime benefit, but 
is nonetheless real. 

Improved welding techniques came 
from research on welding of armor- 
plate. Riveted construction was unsat- 
isfactory. but proper electrodes for 
welding armorplate were not available. 
The War Metallurgy Committee, un- 
der the direction of Clyde Williams, 
director of Battelle Memorial Institute, 
assigned this problem to various re- 
earch laboratories. The result was a 
series of new ‘“‘ferritic’’ electrodes, 
which are now being widely used in 
the manufacture of metal products. 
New types of “hardenable’’ steels can 
now be used in machine construction, 
—s gears and tubular frames for 
such products as refrigerators, because 

ras new welding electrodes. They 
ie make possible enameled ware, in 
which the enameling has been placed 
over a welded construction—this could 
not be done with conventional elec- 

odes. Also developed during the war 
the helium and argon arc welding 


processes, making possible welding 


luminum and magnesium structures. 
For high temperature onditions en- 
uuntered in yet aircraft and gas turf- 


MAPPING LARGE AREAS is now possible, 


views are superimposed 


bines, new alloys were developed. 
These materials are now firing their 
way into conventional products such 
as high pressure steam turbines. Also, 
these new materials have made possible 
the superchargers which are used in 
high altitude aircraft such as the Boe- 
ing Stratocruiser; the supercharger in- 
creases the horsepower of the conven- 
tional engine— this is important in the 
rarified atmosphere found at high al- 
titudes. Gas turbines for other than 
aircraft uses were also made possible 
by these high temperature materials. 
The Elliott Company of Jeanette, Pa., 
and the Allis-Chalmers Mfg. Co. have 
developed a gas turbine, fuel by pow- 
dered coal, which appears very promis- 
ing for locomotive propulsion. An 
important byproduct of gas turbine re 


search has been the comp slete revamp- 
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the tume has come when many problems of great importance, 


especially in hydrodynamics, aero- dynamics and meteorology, can only 
be — by methods based on elaborate numerical computation. 

Calculations required for problems of current interest are so 
elaborate as to require many man-years of work by skilled computers. 
Aside from the cost involved, such a situation slows down progress 
because one has to wait too long to get an answer by old-fashioned 


hand-operated computing machines. 
“A good deal of progress was made during the 
field of application of electronic methods to rapid calculations. . . .” 


war in opening up the 


. 


—DR. EDWARD U. CONDON, Director, National Bureau of Standards 





PRODUCTI NGINEERING 


- January, 1948 





U. 8S. Army A.A.F. Photo 
“Trimetrogon’’ method used by 
the Air Force during the war. Three cameras take photographs from a plane, one ver- 
tical, the other two at 120-degree oblique angles, in opposite directions. The three 


with the 


on each other, allowing accurate approach and objective charts 
and relatively accurate planimetric’’ charts, 
) t 


showing rivers, roads and other landmarks. 


ing of all thought on compressor de- 
sign. This may se effect such 
household products as mechanical re 
frigerators. 

Non-metallic materials, such as plas- 
tics, also saw tremendous advances 
The revolutionary class of silicone ma- 
terials are already being applied in at 
least half a dozen forms. Extremely 
stable to heat, electrical forces and 
many chemicals, this material is find 
ing use as elastic and rigid insulation, 
as grease and oil in lubrication, and as 
a resin to bind high strength laminates 
Polyethylene, another new material, is 
now finding extensive use as food 
packaging and electrical insulation 
Still another is ‘“Teflon’’, a waxy mate 
rial which has phenomenal resistance 
to all types of corrosive agents 

New types of rubber were devel 
oped. Scientists during the wat 
changed rubber from an electrical 
sulator to a conductor of electricity. 
Sheets of this rubber become warn 
when an electrical current is passed 
through them. Develope: 1 by the 
United States Rubber Co., during the 
war, me were made into heating ele 
ments tc ) prevent formation of ice on 
propellers and wing guns of Army air 
planes. Now they are being installed 
in homes to provide heat. A i} room 
bungalow in Knoxville, Tennessee is 
being heated by this method for about 
fifty dollars a year. 

Cellular rubber was deve loped du 








GAS TURBINE AND JET ENGINE RESEARCH 
High-speed aircraft propulsion will come from gas turbine and _ tory. 
Extensive equipment necessary tor 
this type of research is revealed in the Boeing propulsion labora- 


“ram jet’ engine research 


ing the war to protect occupants of 
armored tanks from head _ injuries 
while traveling over rough terrain. The 
remarkable cushioning properties of 
this rubber are now being utilized in a 
packaging material to protect television 
tubes and other delicate equipment. 
Many new techniques were devel 
oped in government laboratories them- 
selves. The Naval Research Labora 
tory, for instance, was responsible for 
the following developments: (1) A 
non-inflammable hydraulic fluid, com- 
posed of polymer-thickened solutions 
of ethylene glycol, which is now being 
tested for use in commercial airliners: 
(2) synthetic lubricants—these syn- 
thetic greases and oils are proven su- 
perior for specialized uses to conven- 
tional petroleum products; (3) a rain 
repellent developed for airplane wind 
shields is now being made commer- 
cially by the Norwich Pharmaceutical 
Company; (4) a shark repellent, de- 
veloped for use of downed airmen, is 
being tried out on an African beach. 
Laboratories of the Army Ordnance 
Department have also contributed to 
industry and the consumer. An inter- 
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changeable cylinder developed by the 
Ordnance Department makes possible 
fast production and easy maintenance 
of gasoline engines by producing three 
families of engines in a wide range of 
horsepowers. Other Ordnance devel- 
opments include a tougher, non-reflect- 
ing coating for optical lenses, which 1s 
almost as scratchproof as the glass it- 
self; a technique for the continuous 
production of optical glass, which in- 
volves extrusion in rods and bars; a 
new technique for the production of 
seamless tubing, developed from a 
method of making cannon tubes, and 
development of new methods of cast- 
ing and stamping which save time and 
material by eliminating forging. 


How MucH To SPEND? 


We have seen that benefits of mili- 
tary research extend into every field of 
human endeavor. This is no accident. 
Modern wars are total; everything in 
normal life becomes geared to war. 
Therefore the results of wartime re- 
search are not different in character 
from peacetime research—the pace is 
merely accelerated. 








Boeing Aircraft Company 


In addition to the test cell instruments shown, the labora- 
tory includes two machine shops, an assembly and testing area, 
and high temperature metallurgical laboratories. 


There is no question of how much 
the nation as a whole is to spend for 
research; this will be automatically reg- 
ulated by the amount of economic, 
political and social progress we make. 
As for the argument that we are spend- 
ing too much for research, our present 
total national outlay for research is less 
than one-half of one percent of our 
national income! Consider this in the 
light of the fact that many industrial 
firms spend about two percent of gross 
sales income on research: that some 
progressive companies devote from 4 
to 6 percent to research. 

How much should the government 
spend for research? There is general 
agreement among government and in- 
dustry leaders that private industry and 
educational institutions can no longer 
assume the entire burden. How many 
private companies can afford a cyclo- 
tron? How many companies could 
have afforded—individually—to fi- 
nance the tremendous synthetic rub- 
ber research that we achieved during 
the war? Modern research is expensive 

this is a basic fact that we must face, 
if we are to have scientific progress. 
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LEAD TO COMMERCIAL POWER PLANTS 


Marine and stationary gas turbines, based on jet engine and gas that can withstand 
turbine research during the war, are now real achievements. Needs such power sources 


of military aviation, combined with wartime research in metals 


At present, the government is footing 
about 50 percent of the nation’s re- 
search bill—whether this figure is ac- 
ceptable, is for Congress, and our busi- 
ness and scientific leaders to decide. 
A report by the Chairman of the Pres- 
ident’s Scientific Research Board, on 
August 27, 1947, recommended that 
Federal research expenditures be over 
one billion dollars a year by 1957. 
Although federal support of re- 
search is not entirely new, the idea that 
the government has a social responsi- 
bility of doing so, is a new and ethical 


oncept. Any advance in research is of 


benefit to the entire population. Dr. 


Vannevar Bush feels that “. . . since 


health, well-being, and security are 
proper concerns of Government, scien- 
tific progress is, and must be, of vital 
interest to Government.” Also, it is 
felt that research will help maintain 
our system of private enterprise. Far 
from constituting “government med- 
dling’ the billion dollars recom 
mended to be spent by the government, 
will be of direct benefit to the public 


and industry. 


SCIENCE FOUNDATION 


A Science Foundation of some type 
will be required to administer such 
funds. Various controversial bills hav 
been introduced in Congress during 





“We feel that participation by educational institutions in research 
work is the most practical mechanism for supplementing the normal 
academic course work, to give the student research training and 


experience. 


. . Our best hope for the support of fundamental 


research is through long range planned programs such as have been 
sponsored by the armed services and other governmental agencies.” 


—Dr. EMORY N. KEMLER, Assistant Director of Research 


College of Engineering, New York University 
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extremely high temperatures made _ possible 
as this 2500-hp marine gas turbine unit. 
Steam turbine design also benefitted from this research 


the past two years, setting up some 
type of Science Foundation. That con- 
trol of such a Foundation should be 
nonpolitical is generally agreed. The 
most recent of such bills, passed in the 
closing days of the first session of the 
80th Congress, was vetoed by Presi- 
dent Truman. This bill called for a 
24-man board of directors, to serve six 
year terms. The President evidently 
favored a single, presidentially-ap- 
pointed administrator. It is certain that 
Congress will revive some version of 
this bill—the need is urgent. If a wise 
bill is enacted into law, then the Foun- 
dation would carry out its proper func 
tion—to administer funds 


PRESENT PROGRAMS 


The question of Army and Navy 
sponsorship of research then arises. 
Qranted, that we must have govern- 
ment contribution to research, why put 

into the hands of the military ? 

The immediate reasons for Army 
ind Navy sponsorship of research are 
two-fold. First, research furthers na- 
tional security. 

Aside from the security aspect, how- 
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TRAVEL AT SUPERSONIC SPEED is being brought closer to 
reality by means of rocket experiments. Embodying 


principles of — aircraft propulsion. 
the wartime V-2 rocket, this 4-cylinder 


liquid propellant rocket at sonic speed, have 
ever, the second feature of Army and 
Navy research sponsorship is the train- 
ing of scientific personnel. Caused in 
part by an unwise selective service pol- 
icy, our supply of new scientific talent 
was dangerously depleted during the 
war. Not only were students taken 
from basic research and study, 
but many young scientists and engi- 
neers were not utilized in their own 
fields of endeavor. The present policy 
of the Army and Navy in awarding 


research contracts primarily to univer- 
sities is having a tremendous effect in 
replenishing scientific talent. Many 
students who otherwise would find it 
very difficult, are now able to take 
graduate study, and thus become more 
useful in their chosen field. This is 
made possib le by the services’ ex- 
tremely wise policy of giving the uni- 
versities a minimum of F diocrtiin. 
Basic research programs vary from 
psychological testing to solar and ter- 


away 





“The government should accept new responsibilities for promoting 
the flow of new scientific knowledge and the development of scientific 
talent in our youth. These responsibilities are the proper concern of 
the government, for they vitally affect our health, our jobs, and our 
national scurity. It is in keeping also with basic United States policy 
that the government should foster the opening of new frontiers and 
this is the modern way to do it. For many years the government has 
wisely supported research in the agricultural colleges and the benefits 


have been great. The time has come when such support should be 
extended to other fields.” 


—From ‘“‘Science—The Endless Frontier,’’ by DR 


VANNEVAR BUSH 
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already been flown 
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Reaction Motors, Inc. 
engine delivers a 6000-lb thrust and has possibilities for marine and 


1 ‘ +r ] , 
powered by rockets, and travelling 


restrial phenomena. Even in the “‘ap- 
plied research” contracts, universities 
are given maximum freedom. 

The benefits to our universities are 
manifold. Modern, expensive research 
equipment, that sae not otherwise 
have been bought by the universities, 
is now being installed. The Office of 
Naval Research, for instance, is spend . 
ing approximately 22 million dollars 
annually supporting research projects 
in colleges, universities and other non- 
profit institutions. Present annual ex- 
penditures for research in educational 
institutions are about 9 million dollars 
by the Army, about 6 million dollars 
by the Air Force. This enables the 
purchase of such basic equipment as 
electron microscopes, X-ray diffraction 
units, and cyclotrons. The universities 
are usually free to use this equipment 
on non-contract work. 

With so many benefits accruing in 
every field of human endeavor, mili- 
tary research cannot be condemned as 
“war-producing”. As part of the na- 
tion’s research program, it has its le- 
gitimate, and necessary, place. 
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High-Temperature Greases 


Factors to consider when selecting and applying greases for high temperature 
service include: Stiffness, dropping point, acidity, evaporation, effect of 
different metals on oxidation, operating speed, and what the future holds. 


H. A. McCONVILLE 


Works Laboratory, General Electric Company 


PRESENT DAY GREASES for the lubrica- 
tion of ball and roller bearings will 
withstand temperatures of 80 C or 
175 F without replacement during con- 
tinuous operation over a period of 
from 4 to 12 months depending upon 
the service. 

The temperature of the grease is 
usually measured by placing a thermo- 
couple in contact with the outer race 
of the bearing. A typical test setup 
is shown in Fig. 1. Some spots are 
probably a few degrees hotter, but the 
temperature of the bearing race is a 
fair average. The standard tests for 
high temperature greases as sponsored 
by ASTM, Committee D-2 on Petrol- 
eum Products, are: (1) Consistency 
or degree of stiffness, (2) dropping 
point; and (3) the acidity or alkalin- 
ity. In addition, recent governmental 
specifications include chemical stability 
or resistance to oxidation by the oxy- 
gen absorption method of bleeding, 
low temperature torque, and some 
others that ASTM has not yet stand- 
ardized. 


KEY PROPERTIES 


Consistency as measured at present 
is only a relative property. Experience 
shows that a grease softer than a cer- 
tain consistency is difficult to retain in 
a bearing, especially with poor bearing 
seals. Conversely, grease that is too 
stiff, is thrown out into the bearing 
cap instead of remaining around the 
ball bearings. Also such grease is too 
hard to apply with the ordinary grease 
gun supplied for relubricating bear- 
ings and it will channel at low tem- 
peratures. Therefore, in setting the 
limits of a desirable consistency range 
all of these factors should be con- 
sidered. 

Similarly, dropping point is not a 
criterion of what the grease will do in 
service. For example, it is possible 
to have greases with dropping points 
ranging from 260 to more than 400 F, 
but for operating temperatures above 
80 C the grease with the 400 F point 


may not be any better than the lower 
dropping point grease. 

Acidity and alkalinity in greases as 
measured today mean little. When the 
average grease is on the acid side, 
there is a tendency for the oil and soap 
to separate or bleed; when the grease 
is alkaline, there is usually greater 
physical stability and resistance to 
oxidation. Therefore, most greases 
are alkaline or at least neutral. To 
date there is no satisfactory method 
of evaluating the acids that may be 
present in a grease to determine 
whether they are harmful or not. 

Different greases probably do not 
always produce the same acids on 
oxidation. The products of oxidation 
depend upon the type of oil from 
which the grease is made. The divid- 
ing line between harmful and harmless 
acids is probably at the water soluble 
line or at about valeric acid. If the 
acids formed on oxidation are formic, 
acetic, propionic, butyric or valeric, 
(and they are more likely to be ace:ic 
or butyric) they may cause difficulty in 
a humid environment if present 1n 
only a few tenths of a percent. If the 
acids formed are above valeric acid, 
such as palmitic, oleic or stearic acids, 
they are probably not too harmful. 

In contrast to acids, some very stable 
greases have been made with a free 
alkali content as high as 0.8 percent. 


OPERATING CONSIDERATIONS 


So, even for greases for use at 
ordinary temperatures, little data are 
available, and practical tests in operat- 
ing devices such as motors give the 
best final answer. In the field of high 
temperature greases, there is even less 
knowledge. So how can an engineer 
select a grease with reasonable assur- 
ance that it will give satisfactory serv- 
ice at high temperatures ? 

Before answering, consider just 
what is expected of a grease used in 
bearings. The purpose of lubricants 
is to reduce friction by separating the 
moving surfaces with a film of a ma- 
terial that will allow them to slide over 
one another easily. Oils that have 
been used satisfactorily for many 
years are becoming increasingly diff- 
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cult to hold because of the trend 
towards thinner grades. These oils 
drain quickly from the bearings and 
settle to the bottom of the housing, 
leaving the bearing surfaces poorly 
protected against corrosion 

If the apparatus is mounted verti- 
cally or is located in a dusty or dirty 
place the dust and dirt get into oil 
lubricated bearings more easily. To 
prevent this, elaborate and costly seals 
are required and the oil must be re- 
placed frequently. Compared to de- 
signs using oil lubrication, generaily 
apparatus using grease can be built 
at lower cost, can be better protected 
from outside contamination, and re- 
quires less frequent lubrication. 

Grease is a mixture of an oil and a 
soap; and a grease is only as good as 
the oil from which it is made. The 
many greases with an oil base that is 
inadequate for use at even ordinary 
temperatures are worthless for high 
temperature use. 

Greases sometimes are offered as 
being efficient lubricating mediums for 
150 to 200 C temperatures because 
they have a dropping point in that 
range, but in most instances these 
claims should not be taken literally. 
Investigations have shown that there 
is no known rule to follow. Results 
vary with each grease depending on 
its constituents and method of manu- 
facture. For applications that are 
difficult to lubricate, few greases will 
give satisfactory results at temperatures 
much higher than about 85 C; and for 
those that operate higher than 95 C 
the selection is extremely limited. 

Engineers differ widely in their 
choice of desirable consistencies of 
grease for ball and roller bearing ap- 
plications. Some specify a hard, stiff 
grease (most of which is thrown clear 
of the bearing) and depend on oil 
bleeding for the necessary lubrication. 
Because of uncertainty of such lubrica- 
tion, some engineers oppose the use 
of very hard greases. 

If the bearing is packed by hand, 
the use of stiff grease is not objection- 
able from the application angle; but if 
the grease is applied with a hand-pres- 
sure gun, it must be capable of being 
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in power for both starting and running 
pushed through the gun without too 
much effort. Some of the greases that 
contain high viscosity oils are of such 
consistency that only a strong man can 
fill the bearings in a reasonable length 
of time. Nevertheless, to date most 
of the greases advocated for high tem- 
peratures are relatively stiff types. 

But some softer greases are being 
used and there is evidence that a satis- 
factory high temperature grease can be 
obtained with worked ASTM consis- 
tencies between 250 to 290. Greases 
in this range can be more easily ap- 
plied, and are soft enough to lubricate 
spherical roller bearings. This type 
of bearing is one of the hardest to 
lubricate satisfactorily, and if grease 
cannot flow in around the edges of the 
rollers easily, excessive wear of the re- 
tainer results. Since roller bearings 
are being used increasingly for some 
types of electric motors this lubrica- 
tion problem is especially important. 


RUNNING SPEEDS 


The speed at which the bearing 
Operates is also important. It is a 
question whether the speed of the 
bearing should be estimated only on 
the basis of the rpm regardless of the 
size of bearing, or whether the linear 
feet per minute speed of the balls, ob- 
tained by multiplying the diameter be- 
tween centers of the balls times rpm, 
should be used as a basis. 

If the second method is used, 2,000 


9+ 


1S 


Power 
required 


aR -—_ 


recorded on the wattmeter. 


running ft per min is probably about 
the maximum speed at which ball 
bearings should be run on the basis 
of merely adding grease once or twice 
a year. Above that speed, grease 
should be applied more often even 
though operation is at room tempera- 
ture. When the ambient or operating 
temperature is higher, the grease is 
less stable and more frequent replace- 
ment may be necessary. 
Large bearings operating 


at speeds 
of approximately 600 rpm 


\ may give 
trouble with lubrication, especially if 
the grease has a tendency to thin down 
appreciably with working. The slowly 
moving large balls act to mill the 
grease down just as in the manufactur- 
ing process. As a result, a relatively 
stiff grease may be a thin 
liquid and leak out. 


reduced to 


An important design and operating 
point where high temperatures are en 
countered is to allow for the expansion 
in volume caused by heat. A bearing 
should not be filled too full; and in a 
pressure relief system the excess should 
be removed to relieve pressure and free 
any hardened grease. This should be 
done at the highest temperature at 
which the motor will operate. If the 
housing is relieved only for ordinary 
temperatures and the motor is suddenly 
put in a much higher ambient, a grease 
pressure may build up in the housing 
that will thin the grease so that it 
churns in the housing and overheats the 











’ 


Fig. 1—Adding grease for high temperature test, which is made in steel box behind operator. 


As grease breaks down, the increase 


Greases are steadily improved by laboratory investigation. 


bearing. Most hot running bearings 
cool quickly when the excess grease 1s 
removed. 

Undesirable effects of high tempera- 
tures on greases include: Rapid oxida- 
tion, thinning of consistency, evapora- 
tion of oil, stiffening, and, under cer- 
tain extreme conditions, corrosion. 

Oxidation is one of the most difficult 
problems and the rate increases rapidly 
as temperatures exceed about 190 F. 
Noticeable effects of oxidation are a 
rancid odor, increase in acidity, de- 
crease in the dropping point, and occa- 
sionally excessive separation of oil and 
soap. After continuous oxidation, the 
grease becomes sticky and gummy and 
when apparatus is idle for a long time, 
bearings often lock or freeze. If the 
grease is of imprceper soap base, it may 
operate at a temperature above its melt 
ing point, liquefy, and escape if the 
housing is not tight. 

If the grease contains an oil of light 
viscosity from which the light volatile 
ends have not been removed, there may 
be a high evaporation rate. At high 
temperatures, some greases have lost 65 
percent of their weight. When this oc- 
curs, the remaining mixture has such 
a high soap content that it becomes 
stiff and hard and bearings fail from 
lack of lubricant. 

Corrosion is only rarely noticeable; 
but if there are bronze retainers in the 
bearings, if the grease has oxidized ex- 
cessively, and if the apparatus is operat- 
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Fig. 2—For high ambient applications, such as in a boiler house, high temperature grease 
is often required. New silicone greases are promising for high temperature use. 


ing in a highly humid atmosphere or 
near salt water, a green coloring of 
both bronze and grease is sometimes 
encountered. 

To minimize these inherent faults, 
logical steps are: (1) To use soaps that 
withstand higher temperatures; (2) to 
use an oil of good viscosity (500 sec at 
100 F, or higher) from which the light 
ends have been removed and a suitable 
anti-oxidant added in sufficient concen- 
tration; and (3) to choose a grease that 
will not vaporize at the operating tem- 
perature. 

During the war several varieties 
of high-temperature, water-insoluble 
greases were developed to Government 
specifications. Most sodium and 
sodium-calcium base greases are ex- 
cluded by the water insolubility re- 
quirement, although these two types 
have been most successful for high-tem- 
perature applications. The high-tem- 
perature, water-insoluble greases usu- 
ally contain lithium. 


EFFECT OF METALS 


The metals with which the grease 
is in contact have a big effect on its 
stability at high temperatures. The rate 
of oxidation of a grease that is in con- 
tact with bearings fitted with bronze re- 
tainers is three to four times that of or- 
dinary steel. Ordinary naval brass and 
aluminum bronze speed oxidation; 
Stainless and rustless steels are some- 
what better. One of the most stable 


surfaces is chromium plate. Future de- 
signs in the expanding high-tempera- 
ture fields will probably consider care- 
fully the metals used in the bearings 
and housings. 

There is little comparative informa- 
tion on high-temperature greases to 
guide designers. The most complete 
data are given by J. F. Macphearson’s 


article, ‘“High Temperature High Speed 


Testing of Ball Bearing Greases,” 
ASTM Bulletin, May 1946, and by an 
article in the General Electric Review 
for August 1945. In these discussions 
of tests on aircraft generators, the tem- 
perature of the bearings was about 150 
> and the speed was 8,500 rpm or 
more. Bearings operating at this speed 


can be run successfully on hard greases 


that might be too stiff to work eff- 
ciently at lower speeds. Apparatus is 
being designed that will evaluate 
greases in bearings of average size over 
a wide range of temperature and speed. 

The bleeding of oil from a grease in 
the right proportion is stressed in Mr. 
Macphearson’s article as a very impor- 
tant factor for satisfactory lubrication. 
This is especially true at high tempera- 
tures. There is not yet an approved 
method for measuring the rate of oil 
released from a grease to the bearing, 
as distinct from the proposed bleed- 
ing tests conducted while the grease is 
not being agitated or churned as in a 
bearing housing. 


Also little data are available on the 
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maximum viscosity of the oils that are 
practical for use in making high-tem- 
perature greases. Probably one of the 
limiting features would be the tempera- 
ture at which these greases must Op- 
erate on the low side. Most high-vis- 
cosity oils have high pour tests and 
greases made from them would seldom 
be efficient at temperatures much be- 
low 20 F. If the ambient temperature 
is always high, this type of an oil would 
not be handic: apped by temperature 
limitations although it might cause the 
bearing to heat up excessively. Future 
experiments may give more definite 
guidance. 


PROMISING NEw GREASES 


New greases with promising possi- 
bilities for high Mere oe use, in- 
clude those made of silicone and of 
synthetic oils with other than of sili- 
cone base. 

Successful operation for hundreds 
of hours at temperatures from 300 to 
nearly 400 F is claimed for silicone 
grease. Unlike ordinary greases made 
from petroleum oils silicone greases 
have a low evaporation loss and little 
change of consistency between low and 
high temperatures. Wearing ability is 
the main limitation of silicone greases. 

The other synthetic oil of non-sili- 
cone variety, includes at least two types 
of definite chemical composition that 
are combined with suitable soaps to 
make greases. At present lithium is 
finding considerable favor as a soap. 
These greases were developed by Gov- 
ernment agencies during the war, but 
are now being made commercially. 
They have low evaporation loss and 
seem to have a wider temperature range, 
both on the high and low side, than 
greases made from the same viscosity of 
petroleum oils 

At present, most greases have not 
contained oils of very high viscosity, 
and prob ably a more complex synthetic 
oil of higher viscosity is needed as a 
basis for a real high temperature 
grease. Although corrosion is a prob 
lem it can be overcome. The rate of 
wear is satisfactory in several types of 
these greases. In general they show 
great promise for further development, 
and a thorough, cooperative test pro- 
gram is planned. 

Although it will take time progress 1s 
being made in developing greases that 
will operate under high temperatures. 
During the next few years, as each ob- 
jective is won there will always be new 
engineering applications that require 
performance at a still more elevated 
temperature. But eventually, greases 
will undoubtedly be developed to sat- 
isfy all of the high temperature de- 
mands that machines and devices im- 
posed upon them by design engineers. 


95 














Pneumatic Controls 
For Clutches. 
Brakes and Linkages 


Pneumatic controls used in conjunction with a unique 
type of “air cushion” clutch permit flexibility of opera- 
tion. By using air cylinders and boosters for operating 
conventional band brakes and clutches, the number of 
parts required to operate these mechanisms is reduced 
and maintenance costs lowered. Both of these principles 
are used in the type 81 power shovel manufactured by 
the Osgood Company, Marion, Ohio. The air control 
system uses air supplied by a two cylinder compressor. 
V-belt driven from the six cylinder, 150 hp, 900 rpm 
Caterpillar D-1300 engine shaft. The system operates 
at 100 psi pressure. Air is carried from the compressor 
to a storage tank and from there to the operator's con- 
trol valve stand by copper tubing. 








VALVE CONTROL PANEL has lever controls for swing, 
travel, hoisting drum, steering and dipper trip motions. 
These levers control metering type valves. The amount of 
pressure in the cylinders or clutches is determined by the 
distance the lever is moved. Pedal controls operate the hoist- 
ing drum brakes. Brakes are provided with booster cylinders 
controlled by valves operated through a system of levers from 
the brake pedals. 
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tches are “air cushion” clutches that are operated by expand- shaft is driven by g ¢ rey 
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“AIR CUSHION” CLUTCH consists of a series of plates with 


rubber tube inserted between the front plate and the friction 


plate. Clutch is operated by 


admitting air to the rubber tube, 


which expands and causes the friction disc to be clamped be- 
ween the floating plate and back plate. Pressure in the plates 
regulated by the pressure of the air admitted to the tube. Six 
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springs mounted on studs release the clutch. A wear indicator 
screw is installed in the clutch. This screw extends through the 
back plate and is mounted on the floating plate. When the head 
of the screw touches the back plate, the disk is replaced. Tube can 
be removed from clutch by disconnecting the air line and removing 
the guards. (continued on next page) 
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Power Shovel (continued) 
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HOISTING DRUM CLUTCHES are the external band type. They are 
operated by a single acting air cylinder through a linkage and released by 
a spring. Adjusting bolts are provided for both live end and anchor end 
friction shoes. Air cylinder requires periodic lubrication. Hoisting drum 
has a clutch on one end and a brake on the other end. Right and left- 
hand drums have separate controls and perform various functions 
depending upon the class of service for which the shovel is used. 








STEERING of the shovel is accomplished by operating jaw 
clutches and external band brakes. Both clutches and brakes 
are operated by single acting air cylinders. When a valve 
on the main control panel is opened, the jaw clutch is 
disengaged and at the same time the brake band is tight- 
ened on the drum, thus holding the tread belt on that side 
of the truck. 
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ROTARY COUPLINGS are used on the 
ends of many of the shafts, since air is 
led into the clutches through holes drilled 
in shafts that rotate. Complications in 
traveling the shovel while in a_ rotated 
position caused by using flexible hose con 
nections, are avoided by carrying the ait 
from the main deck to the steering truck 
through the vertical travel shaft. A rotary 








DIPPER TRIP MECHANISM is also operated by a single acting air cylinder. It con- 
sists of an air cylinder that trips the latch on the back of the dipper door through a 
(he air cylinder is operated by moving a lever 
on the main control panel to the left, which operates a poppet valve in the system. 


system of links, clevises and trip ropes. 
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coupling is mounted in the deck end of th: 
shaft. Air is carried from the rotary coup 
ling to the two steering cylinders on the 
truck through a tube mounted in a hol 
in the travel shaft. 
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Accessibility to this all-weather _ 
automotive ventilating system 1s 
made by mounting the duct that Electric 
admits fresh air from the grille er 
opening into the driver’s compart- 
ss ment in the hood top. These Ford 
kes | Fresh Air Heaters are installed in 
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Ive . ; “figs VENTILATING SYSTEM has a motor-driven blower unit that mounts on the front 
is automobiles made by the Ford of the heat wall. Hot water heater mounts on the heat wall inside the driver's com- 
ht- Motor Co., Detroit. partment. In warm weather, fresh air is admitted to the driver's compartment by impact. 
ide A valve in the duct can be closed by the driver if circulation is not desired. Other 
driver controls for the system include: three way switch for controlling blower speed, 
i hot water circulation valve controls, and valves for controlling the admission of air 
to the driver's compartment or defroster. 
| 






Air out < 


t 


& 




















Cover 
nside ae 
body ome resh air 

- Sponge rubber 

seal 

Blower 

the 
r is 
illed ' 
; in a ue 
ated a Oe 
con- > »~ 
| all sl a Meee ae waft ~ 
ruck 
tar} RADIATOR CORE is made in two sections. This ar- MAIN DUCT is attached to the hood with rubber mounts. At the front 
the rangement is said to increase the heat transfer from water end the duct fits into a plate that is attached to the hood. This plate has 
oup » air by 20 percent over a solid core of the same a soft rubber shoe that fits over the top of the radiator and thus prevents 
the “1Z€. The reason for this being the added turbulence the impact air from escaping over the radiator into the engine compartment. 
hol: caused by the %4 in. air space that interrupts the core. At the rear, the duct fits into a sponge rubber ring mounted on top of the 


eae 4 
Slower motor is mounted in rubber. blower housing and seals the system when the hood is clamped down. 
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Chilling Units 


i lng 
Sealing Time 


The addition of chill units to pack- 
aging machines, which seal wax pa- 
per wrapping by applying heat, re- 
duces both sealing time and con- 
veyor length. The “Twin-Pack” 
bread wrapping machine built by 
American Machine and Foundry 
Company, New York, has such chill 
units. Designed to wrap two separate 
half loaves inside of a standard size 
bread wrapping, this machine has 
many safety and design features. 
Bread loaves are separated in two 
halves after leaving a standard band 
saw type slicer. A cross conveyor 
moves the half loaves into a dual 
wrapping machine where each half is 
individually wrapped. Another cross 
conveyor carries the wrapped half 
loaves as a unit to a second wrapping 
machine where they are wrapped as 
one loaf. A tear strip on the outer 
wrapper, which is used to separate 
the outer wrapping in halves, is ap- 
plied to the paper as it is fed into the 
second wrapping machine. Machine 
will wrap up to 50 loaves of bread 
per minute. 


oe SAW TYPE SLICER has two 10 in 
lia ound metal drums upon which band 
saw blades are mounted. Blades are twisted 

ound the drums to form a figure eight shape 
Gt udes are provided to keep the blades apart. 
Slice thickness is controlled by adjusting guides. 
Since the blades are twisted, adjoining blades 
travel in opposite directions and tend to hold 
the bread loaf stationary while it is being 
sliced. Blades are friction Griven and their 
accuracy in length is an important factor. 
Blades are made in an air conditioned room, 

a length of 18 ft. plus or minus 1/64 in 
Lower drum is motor driven by a V-belt drive. 
It doors of slicer are opened, the machine 
stops. Slicer is made by Micro-Westco, Inc.. 
Bettendorf, Iowa 
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CHILL UNITS are 


} 


used to cool wax seals after they have been made 
by passing thermostatically controlled electric 
When chill units are not used, approximately nine feet of conveyor 
belt is required to assure a satisfactory seal. By using these 3} ft 


contact heaters 


long chill units. which are covered with frost during operation, 
sealing time is reduced and conveyor length shortened. A _ stand- 
rd 1 hp compressor unit supplies the refrigerant to coils that are 
mounted in the contact tanks. Tanks are filled with a eutectic 
<ture to improve heat transter from coils to contact plates. 





PAPER FEED for the final wrapping machine has side loading 
paper rolls. A floating roller in the feed system prevents tearing 

ile the paper is being fed. A cam controlled roller in the paper 
tced system permits loaves to be wrapped loose or tight by ad- 


justing a 
Wi ipper 


paw] contact. Tear strip for separating the outside 
is applied in the roll feed. An electric contact heate: 


stip to the waxed paper as it 1s fed. 
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INTERMITTENT CROSS FEED of loay to wrapping machine 
ide by the use of a Geneva index mechanism. The mot 

drives the main drive shaft through a speed reducer and V-bel 
lrive. A spur gear drive, which includes a safety clutch on the 
camshaft, connects the main drive shaft and idler shaft carrying 
one member of the Geneva index mechanism. The roller chain 
drive for the cross feed is driven from the shaft carrying the 
lriven Geneva index member by bevel gears. Hand Wheel is 
used to turn over the machine for setup operations 


PIN CLUTCH 





is designed to 


on cCamsnatli Sup out or cngage- 
ment if machine becomes overloaded. Three tapered pins are 
mounted on the driven camshaft gear. Gear is free to move on 


camshaft. Drive is through the taper pins that fit into tapered 


holes in 
Pins are 
that the 


bushings, which are mounted on a disk fastened to shaft. 
spring loaded. Each pin is located at a different radius so 
clutch will travel 360 deg before re 


engaging 
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High Speed Die 
Closure With 
Hydraulic System 


A hydraulic system closes and opens dies 
at the rate of 750 in. per min on the 
Wickes No. 4 Automatic Die Casting Ma- 
chine built by Wickes Brothers, Saginaw, 
Michigan. The opening between the 
platen and bolster plate can be adjusted 
for die heights from 9 in. to 23 in. by a 
hand operated lever. Six infra red burn- 
ers supply heat to melt the casting 
material. All moving parts are automati- 
cally lubricated. The machine is built on 
a cast iron base with cast nickel-iron bol- 
ster plates. It has an injection capacity 
of 100 cu. in. per cycle and makes a maxi- 
mum of 600 shots per hour. Injection pres- 
sures from 1500 psi to 6000 psi can be 
had. The hydraulic system is controlled 
by limit switches that slow the forward 
motion of the platen before dies close. 
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DIE OPENING ADJUSTMENT is made by a manually operated lever 
[his lever operates a vertical shaft through a ratchet drive. Bevel gears on 
the end of the vertical shafts drive the worm shafts that operate the four tox 
steel adjusting nuts fitted to the four tie bars. Nuts can be adjusted independ- 
ently to make bolster plates parallel. Die opening adjustment can also b 
arranged for power operation. 
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Toggle Mechanism in Locked Position 


} _- Toggle arms 
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Hyalrautic he yy 
cylinder eal 
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Hardened Die 
block - ---- at ial plate 











Toggle Mechanism in Unlocked Position 














; TOGGLE MECHANISM closes dies. This mechanism is de- MELTING POTS are heated by six Burdett infra-red radiant type 
‘ signed so that the toggle pins are relieved from load when burners that can be removed as individual units. Melting pot is 
dies are closed. When in the locked position, a stop block made in two sections. Metal is melted in the preheat pot and flows 

on one end of the main link and a thrust block on the other over a weir into the gooseneck pot where it is maintained at a pre- 













































































end give a solid metal connection from clamp block to die determined temperature. Twin hydraulic injection cylinders are placed 
. plate thus relieving pins from any bending load. Roller travels at each side of the furnace, thus keeping the cylinders away from 
on hardened block until it drops into locking slot. the heat radiated from the molten metal. 
° 
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HYDRAULIC SYSTEM is a combination of a direct pressure at rapid traverse, slows down as the dies close and locks the dies 





system and an accumulator system. The accumulator system sup- at a rate approximately one half that of rapid traverse. Cams 
—- Plies pressure to the injection plungers, 4-way selector valves for on an arm attached to the die actuating piston rod operate limit 
— - kout and manual operation of the die actuating cylinder and = switches that shift electrically operated valves in the system. 
sige other parts of the system. Accumulator system is kept charged When the toggles are locked, the actuating piston stops and the 
tool A a cam operated valve which connects accumulator pump either pressure in the system rises. The pressure rise is electrically in- 
ane nr this system or to the reservoir. Direct pressure system is ierlocked in series with the closing of the last limit switch by a 
. he cesigned so that the movements of the die actuating cylinder are pressure switch. Thus injection cannot take place until this me- 


controlled automatically. The piston moves the dies together chanical, electrical and hydraulic interlock has been established. 
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Punched Tape 
Controls Engine 


Test Cycle 


By using a punched tape and a 
vacuum system to control both 
dynamometer and test engine, it 
is possible to duplicate automati- 
cally both speed and load condi- 
tions under which an engine would 
normally operate in vehicles over 
a long period of time. Developed 
at their Detroit Laboratories by 
the Ethyl Corporation, New York, 
this method of using the well 
known ‘player piano’ principle 
has been applied successfully. The 
tape travels across a tracker bar 
that has 25 holes. Twenty of these 





holes are connected to individual 
bellows of equal stroke. Five are 
connected to bellows of different 
strokes arranged in a stack. 





PUNCHING MACHINE has a solenoid-op- 
erated ratchet drive, which moves the tap 
to punching positions whose distances « 
respond to a 2.4 sec interval. To obtain data 
for punching tape, the engine is first 
wounted in a vehicle. A recording vacuut 
tage is attached to the intake manifold and 
1 tachometer is set up to record speed. Ink 
recorders are used to plot these variables 
while the vehicle is driven over a predeter- 
mined route. Readings at 2.4 second intervals 
are tabulated from the recorder data. 
Dynamometer field rheostat 1s adjusted 
to produce maximum cycle speed with tf 
generator field voltage. Taps en control 
sistors in series with the generator field are 
ljusted to give 10 equal speed increments 
hetween idle and maximum speed. A table 
at shows speed for eacl 
tung 1S prepared 


control swit 


The engine is then mounted in_ the 
\ometer. The dynamometer is set to run 
t SOO rpm and the engine intake vacuun 
easured at each of 32 throttle pesiti 
at are possible with the stack of 5 bellows. 
this run 1s repeated at 200 rpm increments 
within the cycle. Curves are plotted, which 
show the relationship between throttle posi- 
ns and vacuum at various speeds. W 


these curves and a table giving the bellows 


nbinations for each throttle position, the 





“SRS OE, 


combination that will give the desired ma 

told pressure at any speed can then 

punched in the machine. Holes in 

tape thus connect the proper held resis 
r the desired speed, and Operate 


on oa ’ 
bellows for t lesired throttle opet g 
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PNEUMATIC CONTROL CIRCUIT has in the tape. The tape is driven through a mot I the tape at a s 1 of 0.63 
motor driven vacuum pump, which causes speed reducer by the same motor that drives —srpn If the cycle is ;s repetitive 
the bellows to collapse whenever a hole the vacuum pump. Speed reducer has a _ tapes are cemented together. Tapes are fed 
n the tracker bar is uncovered by a hole 900:1 speed reduction which permits the from one roll to the nex: ¢ yng cycles 
> 6 Bw &. Df 45 55 80 105 155 255 505 1005 
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ld are < 
ments 
Swit 
1¢ motor 
TO run 
um 1S 
Siti s 
llows 
Ments 
which 
DO |) re | | | | | To 115 volt ac. feed 
X y (Eng Sé€rvi/ce tower) 
llows 
hy ~~- Jo generator field 
1 
en 
in 1 = a e — comme. 2 = . 
StLLOWS that operates the throttle control red consists of a ELECTRICAL CIRCUIT for controlling the feild voltage in the 
S1S a : , : 
f five individual bellows of various sizes, arranged in series. | Watd-Leonard dynamometer includes twenty individual bellows 
sad possible combinations of the five bellows expanded or con- yperated mercury switches that connect the various resistors in 
¢ g > Mit ; , é ie . , : 
1 permit 32 different throttle openings. Bellows are held the field circuit. The individual bellows are hinge type and each 
in the normal position by sprine as its mercury switch n nted on the movabl 7 
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Redesigned 
Blower W heels 
Have One-Piece 
Stamped Blade 
Group 


By designing a multivane blower 
wheel consisting of a single sheet 
metal stamped blade group and two 
stamped end rings that are spot 
welded together, weight was reduced 
50 percent and production cost 30 
percent below that of former design. 
These blowez assemblies are manu- 
factured in many sizes by Morrison 
Products, Inc., Cleveland, Ohio. 








BLOWER ASSEMBLY using these wheels can be made in either bottom horizontal 
discharge types shown above, or vertical up-blast discharge types. Scroll sides and 


wrapper sheets ane assembled by spot welding the parts together. Blowers using these 
wheels can be made in a range of capacities that will handle from 400 to 3,800 cfm 


of air. Wheel diameters are trom 10% in. to 16 inches. Wheel lengths are from 74 
in. to 163 inches. 


FORMER BLOWER WHEEL had individual stamped vanes that 
were fastened to each end ring with two rivets. Wheel was sup- 
ported by a stamped disk, which was riveted to a cast iron hub. 
This type of single bearing support permitted excessive shaft de- 
flection and thus tended to induce vibrations in the blower assembly. 
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NEW BLOWER WHEEL is supported at each end. The or 

piece blade group is spotwelded to the two stamped end rings. 
Loose blades, which are often found in riveted wheels, are avoided 
by the welded construction. Shaft deflection is reduced by having 


wheel bearings at each end instead of in the middle of the wheel. 
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BLADE GROUP is stamped from a single strip of sheet metal on progressive . END RINGS, spokes and hub are stamped in one 
dies. Either 18 or 20 gauge soft steel stock is used, depending upon the diamete piece. Two stampings are riveted to hub to in- 
of the blower wheel. End 1ings are made from 14 or 16 gauge deep drawing stock crease bearing lengths and carry clamp bolt. 





Compact 
Hydraulic 


Power Unit 


Designed to operate hydraulic cylin- 
ders on industrial, road building and 
farm equipment, this hydraulic power 
unit has an aluminum tank and 
weighs 32 pounds. Output is 15 gpm 
at 1,100 rpm speed. Maximum op- 
erating pressure is 1,200 psi. The 
unit is 8 in. wide, 12 in. long and 16 
in. high. It is manufactured by Phil- 
lips-Drucker, St. Louis, Mo. 





HYDRAULIC PUMP is the helical gear type. 
Pump operation is controlled by moving a 
ground slide valve. Hardened steel pump shafts 
are supported by needle bearings. Hardened 
steel wear plates are provided at each end of 
the shafts, since pump operates with either 
Clockwise or counterclockwise rotation. Unit 
can be equipped with a two-way valve for 
double acting cylinders. Slide valve actuation 
and power lead can be made from either end. 
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A fluid primer that unloads automatically under 
either submerged or non-submerged conditions and 
cannot become waterlogged is used in the Numarine 
automatic self priming pump. This centrifugal pump, 
designed for underwater operation at depths up to 
40 ft, has been developed by Worthington-Simpson 
Ltd., London, England. It is electric motor driven 
and completely inclosed in a tubular housing, which 
permits installation in compartments with restricted 
headroom. Admiralty gunmetal casings resist cor- 
rosion from seawater. Casings are bolted together, 
airtight, and have cover plates for accessibility to 
motor, primer and pump. Motor operates in an air- 
tight bell chamber that is provided with testing joints. 
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Fabricated steel motor casina 


forming top portion ofair bel/ 























Submerged 
warer /eve/ 
yt 30° list 












































Submersible Pump Has Fluid Primer 


An air separator is mounted on the suction side of 
the pump. Vertical shaft design permits operation 
of pump at tilt angles up to 30 degrees. Pump units 
with capacities from 50 to 550 tons per hour can 
be had. Main centrifugal pump and priming pump 
are driven by the motor through a vertical shaft. 
When the unit is submerged, air is trapped in the 
motor casing and compressed. Priming pump is lo- 
cated between the main pump and motor. Motor 
is cooled by circulation of air, which is induced by 
the special shape of its armature coils. Water cool- 
ing coils in the base of the motor casing keep the 
temperature of the motor windings within safe limits 
of operation. 
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P SECTIONS show priming and centrifugal pumps. The float 


> suction chamber controls a vacuum valve that opens and closes 


N passage between primer and main pump. Stem of float valve 
is ports that de-water the priming pump and also uncovers 


ts that allow the priming pump to be filled with water from the 


ir. Extended main pump gland acts as a seal for priming 


T 
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FLUID PRIMER OPERATION 
FLUID PRIMER consists of an elliptical casing in 
which a vane rotor revolves around a fixed hub without 
contact. The hub is divided into four compartments, 
each with a part in the periphery. Two ports are for 
air inlet while two smaller ports are for air discharge 
Thus, the rotor vanes revolve a ring of liquid inside the 
casing, and this ring is held against the casing by centrif- 
ugal force. As the vanes are inclosed between side 
plates, they form small chambers, each with an opening 
to the hub. These openings pass alternate inlet and dis- 
charge ports in the fixed hub twice each revolution 


Since the casing is elliptical, the liquid ring reciprocates 
in the rotor chambers twice each revolution. When the 
liquid ring recedes from the rotor, air is drawn into the 
rotor chambers through the inlet ports in the hub. As 
the ring is forced back into the rotor, air is discharged 
through the outlet ports. Thus, the space between two 
vanes can be regarded as a small cylinder with a rotary 
valve at the hub, and the liquid between the vanes as 
a piston, which is maintained by centrifugal force and 
reciprocated because of the shape of the casing. Primer 
will lift water up to 27 ft on the suction side of the main 
pump. 
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AIRTIGHT JOINTS are used on the cable connection to the 


motor. A stuffing box construction consisting of spirally cut 
rubber rings and lamp cotton grommets is used. Metal fol- 
lowers are compressed against the stuffing material by turn- 
ing a threaded adapter. Thus the stuffing is pressed against 
the copper sleeve that is crimped to the cable. A threaded 


t 
hole is provided for a connection to test for leaks. 
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Selecting Alloys to Resist 





@ Data comparing the strength and crosion resistance of many 


alloys in tresh and sea water. 


@ actors to be considered in making a choice of alloy. 


@ Jet impact, Venturi and vibratory erosion testing techniques 


described and the validity ot respective test results evaluated. 


RK. BELCHING 


Mond Nickel Company, Lid 


tormerly, 


CHOLCR OF A MATERIAL to resist cavi 


tation erosion under any particular cir 
between 


Cumstances is a Compromise 


desirable physteal, chemical, and me 
chanical properties, and the tactors ot 
imitial cost and surtability tor intended 
Lhe 


production techaiques enginee! 


can best work out the compromise to 
suit his own problem it he is given the 
NECCSSALY data In the print he often 


has had no intormation on 


to cavitation erosion, but the data now 
available can be used with contidence, 


if used with understanding 


OCCURRENCE! EROSION 


Ot 


Cavitation erosion ts most commonly 


experienced with high speed pumps, 


} 


hydraulic turbines and marine propel 


Three Types of Cavitation Erosion 


bo 
4 
Vv» 
A\ 
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resistance 





lers, but it may occur wherevet liquid 


in contact with a solid surtace is sub 
jected to a rapidly alternating range ot 
pressures. Other examples Occur in 


the valves of high pressure systems 
Pressure thaccuations occur where liquid 
is tlowing at high speed through an 


orifice ot Varying section, paist SOIC 
obstructing irregularity, of 
that 
occurs. Under these conditions the pres 
tall 
the vapor pressure of the liquid, so that 
vapor pockets or bubbles torm. As the 
tluid tlow carrtes these bubbles into a 
region of higher pressure, they col 


lapse 


over a sul 


tace ot such a torm separation 


sure in some regions may below 


It the pressure cise ts suthciently 
rapid and the surtace is insuthciently 


resistant, the area 


the CAVITIES ¢ Ollapse 


Vhe appearance of a treshly eroded 
h as to make 


| } 
akable 


erous1ron occurs over 


where 


metal surtace ts usually suc 


the cause ot damage unmist 


| 


While the 
metallic, it is roughened and _ pitted 
Phe damage may range from an ettect 


surface remains) brightly 


similar to sand blasting in mild cases, 
to the formation of ragged pits and 
scores of considerable depth when the 
damage is severe, Severely eroded pro 
pellers, tor example, have been de 
scribed as presenting the appearance of 
having been scored by a tiger's claws 
Illustrated above is a pump impelle: 
that has suffered cavitation erosion of 
medium severity 

When 
then subsequently exposed to 
the bright 


is eroded and 


condi 


al component 


trons causing corrosion, : 
metallic appearance of the eroded sur 
This otten 


where periods of idleness intervene be 


face is destroyed occurs 
tween periods ot erosion under ae Vere 
then the 


pitting by cavitation erosion is gene 


service. Even characterist« 
ally recognizable 


Cavitation erosion is thoug 


vht to be 
the mechanical disintegration of sut 
face layers under repeated, highly local 
ized, pepe pulses 


by the sudden collapse ot 


These pulses are 
CAUSE cavi 


contact with, or close to the 


surface. It has been shown experimen 
that such cavity collapse can pro 


fics in 


exceeding the 


duce impact pressures 


‘ests. for Checking 
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ERODED PUMP IMPELLER The 
surface pitting can be classified as 
cavitation erosion of medium everity 
yicld points of most material ‘Thus 


the metal surface 1s subjected to re 
peated local plastic deformations, which 
ultimately cause it to fracture and di 


integrate. A similar disintegration can 


be produced by excessive ‘cloudburst”’ 
hardening of a metal, except that 
in a cavitation attack, the liquid may 


also have some corrosive effect on the 
metal. This accelerates the damage 
much as corrosion lowers the fatigue 
limit of The effect of corro 


sion is not so marked in cavitation ero 


a metal 


sion because of the severity of the over 
stressing and the rapidity with which 
surface layers are removed. 


CAVITATION EROSION RESISTANCI 


The reliable test of the suit 
ability of materials where cavitation 
erosion attack is likely, is to test them 
in the equipment and under 
service conditions. This type of trial 


most 


actual 


> 


TEST APPARATUS, 
tube The 


VIBRATORY 


rrying driver 


) 
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showing the 
most rapid means of cavitation erosion testing 


Cavitation Erosion 


is usually too ¢ xpensive and too tediou: 
Therefore several laboratory tests of 
resistance to 
veloped: 


erosion have been de 
1. The specimens are mounted on 
the periphery of a rapidly rotating disk 
as in Fig. 2, and thus are repeatedly 
carried at high speed through a jet of 
water across their path. If the peri 
pheral speed of the rotor is high 
enough, the impact of the specimen on 
the water jet causes erosion of the sur 
face. About 100 to 250 fy ; is the range 
of limiting speeds for various materials. 
The damage may not be produced 
in quite the same way as normal cavi- 
tation erosion because the initial im- 
pact between jet surface and specimen 
probably causes some erosion. Yet the 
crosion produced is of the same nature 
as the cavitation effect. It is believed 
that much of the erosion is produced 
in this test by the formation and col- 
lapse of cavities formed by turbulence 
as the specimen passes through the 
liquid. This opinion is supported by 
the frequent occurrence of secondary 
erosion areas on the side of the speci- 
men where no direct impact occurs. 
Materials are then compared by 
measuring their loss in weight after 
running them on the rotor for a fixed 


Small Laboratory Specimens 








coil assembly and the specimen- 
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time and at a speed high enough to 


Cause some erosion of even the most 
resistant metals. 
2. A second method of test is much 


more representative of the condition 
that occur in many hydraulic system 
The specimens are placed on the ex 
pansion side of a Venturi throat, in a 
cavitation zone produced by a 


proj 
tion in the throat. Material 


are com 


pared on the rate of weight loss, with 
fixed conditions of attack 

4 ‘The third method has been used 
for a more extensive survey of eater 
range of metals than either of the 
other two. The type of apparatus 1s 


shown in Fig. 3. The test specimen is 
a small cylindrical plug pressed 
the end of a nickel tube. The 
mounted vertically and supported by 
a rubber bushing at its center. Around 
the tube three coils are mounted. The 
lowest of these is supplied with direct 
current to magnetize the sufh- 
ciently to bring it into the range where 
it has the magneto-strictive 
sensitivity. The middle coil is supplied 
with high frequency current from the 
valve oscillator, seen in the larger pic- 
This current is tuned to the 
natural frequency of vibration of the 
tube. The top coil provide i feed 


into 
tube 1S 


tube 


greatest 


ture 


Fresh water 


Iron 
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Specific and Relative Erosion Resistance of Alloys Obtained by Vibratory Method 





NO rYPE OF ALLOY 


Note All allovs sand cast and un 





MECHANIC AI 
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Proof Stress 
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rO ADMIRALTY 


RELATIVI 
BRONZE* 














treated except as noted 1.000 psi Maxi Sea Water Distilled Water 
Numerals preceding chemical symbols  Brinell 0.1 percent mum Percent 
are percentage figures Hard offset except Stress Elon First Next First Next 
W Q— cold ter quench ness as shown in 1,000 gation 30 60 20 60 Sea Distilled 
CAC—coild oling parenthesis psi min min min min Water Water 
CAST HIGH TENSILE BRASSES 
1 Admiralty M vanese Bronze 156 9 4 80.3 of 5.9 18.9 4.6 16.2 1.0 1.0 
2 80 Ni, 39 2 25 Al, 0.25 Mn, 0.5 
Fe. Bal i 156 37 .0 85.0 36 3.6 13.9 1.35 — 
3 5.9 Ni, 20.7 Z 2.6 Al, 1.8 Mn, 1.6 
he 5 Sy al-Cu 145 38.0 86.0 18 2.5 11.2 1.7 comes 
4 »O Ni ».0 Al, 1.0 Mn, 1.0 
le 101 Q ¢ 85.8 8 5 0 9.5 > O dima 
6 3.37 $71 Al, 2.11 Mn 
ts ! Cu 175 89.5 20) 2.6 8.9 2.1 ee 
6 12.64 Ni, 40.74 Zn, 0.95 Al, 1.99 
Mn, 0.98 be. Bal-Cu 175 89.5 15 AR § 8.8 2.15 = 
CAST ALI iMENC iM BRONZES §Ni-Fe-Al 
7 DED 187, 7 9.67 Al, 5.01 
Ni, 5.11 Fe, ¢ s In 169 38.0 0 89.9 24 1.45 1.75 4.0 —_—— 
§ 80.25 Cu, 8.62 Al, 4.29 Ni, 3.79 Fe, 
1.71 Mn, BRal-Zr 154 4() 0 86.0 27 0.90 $.55 4.15 
9 79.51 Cu, 7.41 Al, 2.94 Ni, 2.84 Fe 
De et, RUE... | S50 0:00 010s6ia:200 128 l 79.5 27 1.45 6.25 3.0 
CAST MONELS 
10 Normal Mone ee a Re eee 139 7.1 (( 83.2 5 7 13 4 2 13..¢ 1.4 12 
11 38 Silicon Mone Saas Goel aca 226 70.9 ( 109.5 2 ie 4 8.65 292 
12.) 3 Aluminum Mone aYrer 215 76.0 ( 117.8 34 1.7 8.15 2.3 
18) 64 Aluminur Tonel 253 82.0 0 122. 15 1.15 5.8 3.25 
‘AST GUN METALS AND weeeesmer’ 
14 pe oral v Gun Metal (88) 10/2 9.7 13 l 1.9 18.9 1.9 14.3 1.0 1.15 
15) «Gun Meta =n. 3 Zn, 1.5 Pb, Bal 
Cu) (Bsl ot 1940 : : 72 { 2 25 0 2 1 6.2 22.6 0.85 0.71 
16 Gun Meta wF f BSI 897 
8/1940 wy 62 } 29.5 19 0.8 25.0 12.8 94.3 0.76 0.67 
17. Low Nickel Bronze (4 Ni, 10 Sn, 1 Zn, 
gal-Cu : ae , 99 24 .2 18.4 18 ( 32 3 >. ¢ 25.8 0.79 0.63 
18 Low Nickel } nze-as cast 5 Ni, 5 
Sn, 2 Zn, Ral-Cu ote 93 iS ¢ ( iS. 8 42 11.¢ 27 .6 11.9 4 6 0.68 0.66 
19 Low ory Bronze, 5 hr 1,400 F, WQ, 
aged & 1 600 ] 
5 Ni. 5 &r. 2 Zn. Bal-Cu 208 6S ¢ { 87.0 3 9 0.3 3 2 16.0 0.9 1.1 
20 Admiralty Phesphor Bronze 10 Sn 
0.35 P. Fal-Cu acetate Bias athlon 72 ( 1.0 1. i - 19.4 6.1 0.5 0.9 0.80 
CAST COPPER NICKEL ZINC ALLOYS 
21 40 Cu, 41 21 & Ni 255 60.9 Y] 114.4 2 Of 5 ». 38 
22 48 Cu a2 1Ni ee Nae 155 6 72.2 18 9 9.8 1.92 
93 47 Cu, 33 Zn, 20 Ni Si Rerecacniaate 187 ( 103.0 l¢ 1¢ 7.0 2.69 
94 38 Cu, 32 Zn, 29.5 Ni 170 16.5 101.5 1% 1.93 3.3 2.26 
CAST SPECIAL ALPHA BRASSES 
25 Brass with minor ¢ ae tions (A 55 4 0 5 42 & 8 20.1 0.94 
26 Brass with minor i idit ions (B ; 65 11.0 21.2 8.0 231 0.89 0.70 
CAST IRONS AND © AST STAINLESS STEELS 
27 1S 2 Starniess Steel-as cas 256 _—- -—- > 0 7.0 2 O 6 ¢ eg 2.45 
28 18 2 Stainless Steel-1 a l 730 ] 
CAG. oS hr 1-020 F, CAC.. ws 273 - - 1 .( 3 2 8 7 i .25 
29 18 S Stainless Stee panei 168 0.4 2.8 0. 2.6 6.75 6.25 
30 Grey Cast Iror 3.46 TC 1.61 Si 
0.86 Mn, 6.67 P 214 29.5 - 25.9 16.9 i] 30.2 0.4 0.54 
31) Cylinder Iror 
309 TC. 1.73 Si, 0.90 Mn, 0.22 P 
1.39 Ni, 0.65 Cr 244 — 46.0 15.6 a23 12.7 0.57 1.25 
32 Ni-Resist 
3.46 TC, 1.80 si, 0.62 Mn, 0.07 P, 
") @sle eS | > ae ewe 179 - 32.7 4.4 15.5 2.3 5.8 1.20 2.80 
CAST LIGHT ALLOYS 
33. DTD 131 A. Heat treated 
2 32 Cu 1.18 X 04 Fe, 0.05 Mn, 
1.48 Meg, “i, Bal-Al 133 8.0 2 ».0 13.¢ ae 12.5 1.38 1.30 
34 DTD 309. Heat treated 
1.83 Cu, 0.91 Ni 06 Fe. 0.08 Mn 
) 50 Mg, 2.56 Si, Bal-Al 104 16.0 YP 19.3 2 5.7 18 72 14.8 1.04 1.09 
W v Admiral Mn Bronze ; 1 Milligrams 
*Nerit Figure : Does not take into account any other propertie the VS 
\\ by alloy 
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The vibratory method may appear 
even less related to practical conditions, 
but this is not really so. Even though 
cavitation is produced by novel means, 
the erosion is a direct result of cavity 
collapse. Moreover, satisfactory tests 
can * carried out in an hour or so. 

More important than obvious similar- 
ity between test and service conditions 
is the question as to whether the test 
methods give reliable results. Compari- 
son of test results obtained by all three 
methods show that they all place mate- 
tials in the same order of merit, al- 
though not necessarily with the same 
quantitative ratios of resistance as meas- 
ured by weight loss. A few practical 
trials with propellers, and more exten- 
sive trials with inserts in turbine run- 
ners, have confirmed the order of merit 
determined by the test methods. 

Since cavitation erosion is similar 
to progressive fatigue failure of the 
wt layers, it is to be expected that 
there will be some limiting intensity 
of attack for each metal, below which 
it will suffer no damage. This has 
been found to be true. The more re- 
sistant a metal is to erosion, the more 
intensive must be the cavitation and 
the more violent the cavity collapse 
before erosion starts. Because of this, 
the relative rates of weight loss of 
various metals are considerably affected 
by variation in the intensity of attack. 
At low intensities a good material 
may be many times more resistant than 
a poor one, while under severe condi- 
tions they may be much more nearly 
the same. Even though the magni- 
tudes of the differences in resistance of 
various metals may change with in- 
tensity of attack, the order of merit 
remains the same. But since the magni- 
tudes of the differences change, it is 
important that the test conditions 
should cause erosion at least as severe 
as that likely to be encountered in 
practice. Otherwise test results will 
give an exaggerated impression of the 
superiority of the better metals. 

This effect of severity of attack ac- 
counts for the different types of test 
showing greater or lesser differences 
between similar alloys, while placing 
them in the same order of merit. Of 
the three methods, the vibratory test is 
most severe. Results so obtained may 
be used with reasonable confidence that 
under most service conditions a good 
alloy will be even better in relation to 
a poor one than the test indicates. 


THE CHOICE OF ALLOYS 


It might be dangerous to advise on 
the choice of alloys for components 
because each application is different 
and resistance to erosion is usually only 
one important factor among many. The 
suitability of an alloy for any particular 


purpose depends upon its mechanical 
properties, its resistance to corrosion, 
the ease with which it may be cast or 
machined, its repairability, and its cost, 
just as much as upon its resistance to 
erosion. The best that can be done is 
to give some general guidance as to the 
properties which an alloy must have if 
it is to resist erosion well, and to pre- 
sent the engineer with erosion test data, 
so that he may use it intelligently in 
combination with other knowledge. 

Test data for a variety of different 
classes of alloy are presented in the 
accompanying table. The weight losses 
suffered by these alloys are shown dia- 
grammatically, Fig. 5, for easy com- 
parison. 

In general, to have high resistance 
to cavitation erosion in any particular 
liquid, a metal must have high resist- 
ance to corrosion by that medium. It 
also must be hard enough to offer 
strong resistance to the mechanical at- 
tack. Because both factors are impor- 
tant, there is no direct correlation 
between resistance to erosion and either 
one of them, for alloys differing in 
type. For example, some of the bronzes 
and gun metals are more resistant to 
corrosion than the high tensile brasses, 
but they have poorer resistance to ero- 
sion because of their low mechanical 
strength. Aluminum bronzes, on the 
other hand, being much more resistant 
to corrosion than the high tensile 
brasses, have a much greater resistance 
to erosion, although they are no harder. 

Corrosive effect of the test liquid is 
also exemplified by the results for 
bronzes, stainless steels and cast irons, 
when tested in fresh water and sea 
water. With the first two types of 
alloy, there is little difference in erosion 
in the two media since corrosion is very 
slight in either. But the cast irons, 
which corrode rapidly in sea water and 
less rapidly in fresh water, show a large 
difference between the rates of erosion 
in the two media. 

With alloys of any one particular 
class, for which resistance to corrosion 
is much the same, there is a roughly 
linear relationship between hardness 
and resistance to erosion. This is ap- 
parent, in Fig. 5, in the copper-nickel- 
zinc alloys. 

Were resistance to cavitation ero 
sion the only consideration in selecting 
alloys for components: of hydraulic 
equipment, the problem would be rela- 
tively easy. A stainless steel, a copper- 
nickel-zinc alloy, or an aluminum 
bronze would be chosen. In the absence 
of all restriction, there is no doubt that 
even more highly resistant alloys could 
be found. In practice, however, many 
of the other factors referred to must be 
considered. 


Good resistance to corrosion and 
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high mechanical strength, which are 
necessary for good resistance to erosion, 
are generally required for other design 
reasons. In this respect there is no con- 
flict. But these properties cannot always 
be achieved in alloys that are also easily 
cast, forged or machined, or that are 
sufficiently low in cost or are easily 
repairable when necessary. 

Where a component is subject to 
erosion, and freedom from maintenance 
delays is more important than initial 
cost, stainless steel is likely to be the 
best choice. This is particularly so if 
the component can be built up from 
relatively simple castings or forgings 
In addition to their outstanding re- 
sistance to erosion stainless steels have 
good mechanical properties and can be 
repaired by welding. 

For components such as high speed 
pump impellers, stainless steel may 
sometimes be necessary, but a more 
readily castable material is obviously 
desirable. Materials such as_ silicon 
Monel or aluminum bronze might be 
better, or even a copper-nickel-zinc 
alloy. 

In some items such as large ship 
propellers, suitable casting properties 
are the dominant need. Choice then 
tends toward the high tensile brasses, 
possibly modified by additions of 
nickel, iron, or aluminum. 
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Fig. 5—Showing the weight lost by vari- 
ous cast alloys during 60 min erosion in 
sea water or distilled water, vibratory test. 
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Progress in Review 


PLASTICS AND RUBBER 


SUMMARY of USS. plastics production in 1947. From 
incomplete Bureau of Census figures, it can be estimated 
that about 1,400 million pounds of plastic raw materials 

molding powder, resin, sheet, rods, tubes and films 

were sold ee the past year. This is a substantial 
increase over 1946 and about a 6-fold increase over 1939 
production. It is equivalent to production figures for 
aluminum or the war-time high for synthetic rubber. 
Because of relatively high price per pound, the total sales 
value of these raw materials was equivalent to that of 
the value of copper plus lead. Because of their very 
low specific gravities, the volume of plastics handled 
was equal to the total of aluminum, copper, lead and 
magnesium. Since these materials are usually fabricated 
into desired shapes or are laminated with paper, cloth 
or wood, the final weight, volume and price of ‘'plas- 
tic’ items, as received by the public, is many times the 
above value. 


PLASTIC FOAM has been used as the sole raw material 
for Christmas tree ornaments. As mentioned in the 
November 17, 1947 issue of Plastics News Letter, bells, 
stars, trees, reindeer, churches and even synthetic snow 
have been produced from polystyrene foam. 


FLEXIBILITY of polyethylene is cleverly utilized in the 
new bath powder and liquid deodrant bottles where 
finger pressure forces the contents to spray out through 
the built-in acrylic spray head. The patented top pre- 
vents leakage regardless of container position. Illustra. 
tions in Plastics, November 1947, show how the flex- 
ibility can be eliminated when desired. 


POLYETHYLENE blow-molded bottles are now being 
used instead of wax containers to transport hydrofluoric 
acid. A heavy rigid carton label, of cylindrical construc- 
tion, is placed around the bottle and between two raised 
rings. The label makes a safe hand hold for handling 
the plastic bottle. As mentioned in the November 1947 
issue Of Plastics, these bottles cost no more than wax 
containers. The translucent plastic bottle will not melt 
when heated or become brittle when chilled. 


NYLON ZIPPER teeth and slides are now being made, 
according to the November 1947 issue of Plastic World. 
The zipper teeth are directly injection-molded onto the 
tape a we but 25 percent of their metal counter- 
parts. Nylon zippers will not corrode in tropic climates 
or stick in the arctic, and are durable and strong. The 
plastic impregnates the cloth, adding strength so that a 
10 in. nylon zipper will support 1,500 pounds. 


ETHYLENE MONOFILAMENTS, largely limited to 
window screening, auto seat covers and lawn furniture, 
are developing wider industrial application as extrusion 
techniques are improved. Small diameter filaments can 
now be produced at relatively low costs. As reported by 
Modern Plastics, November 1947, this material is claimed 
to have a tensile strength up to 35,000 Ib per sq inch. 


ORIENTED POLYS 


into strong, 


TYRENE sheets can now 


low-cost transparent boxes, 


be drawn 
without folds 
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A FOUR-COMPONENT 


or cemented corners. According to the October 1947 
issue of Modern Packaging, the automatic fabrication 
at low labor cost offsets the price differential between 
raw paper and polystyrene. Polystyrene has water resist- 
ance, low density and other characteristics necessary for 
packaging materials. 


plastic arm rest has been 
designed to replace the former ten-component item. The 
new assembly, as described in the November 1947 issue 
of Plastics, consists of a butyrate molding that provides 
high impact strength and dimensional stability, a metal 
stamp mounting plate, a neoprene sponge rubber pad, 
and a cover of leather or figured fabric. This functional 
design reduces assembly time and over-all expense. 


POLYVINYLIDENE CHLORIDE, well known as Saran, 
has been reviewed by J. J. P. Staudinger in the Sep- 
tember and October issues of British Plastics. The prac- 
tical and theoretical aspects of the monomer production, 
the subsequent polymerization or copolymerization, the 
structural and general characteristics of the polymer 
product, methods of fabrication and variety of appli- 
cations are well discussed. Similar to metals, this material 
can be oriented and/or crystallized to improve strength 
properties. It is tough, chemically inert, dimensionally 
stable, odorless, tasteless, non-toxic, non-inflammable and 
water vapor-resistant. This material can be molded or 
heat-sealed and can be extruded into films and shapes. 


SILICA has been completely removed from boiler feed 
water by ion-exchange resins, according to Industrial 
and Engineering Chemistry, November 1947. The silica 
is chemically converted to fluorosilicic acid and is then 
removed by an anion resin. Special precautions are dis- 
cussed whereby silica precipitation can be avoided in the 
anion exchangers. Economic considerations show this 
method to be suited for silica concentrations below 10 
parts per million of water. 


BEARINGS produced from phenolic cloth laminates or 
molded from resin-nonoriented belt fiber combinations 
continue to gain in popularity. The advantages of these 
bearings have been reviewed before, but new informa- 
tion relative to the use of water lubrication has been 
discussed in the October 1947 issue of Plastics (Lon- 
don). Experimental data indicates that the use of onc 
percent soap solution in place of ordinary water yields 
lower coefficients of friction, faster heat removal because 
of better wetting, and the prevention of rust. Small 
additions of colloidal graphite are recommended when 
soapy water lubrication is used. Unlike the greas« 
required for metal bearing lubrication, the water solu 
tions used with laminated bearings undergo only slight 
change in viscosity with temperature change. Thus th 
bearings start cold easily and are effectively lubricated 
when warm. 


DECORATIVE LAMINATES are progressively invading 
the transportation field. As mentioned in Plastics Worla 
October 1947, the Milwaukee Railroad’s trans-cont! 
nental sleeping cars, day coaches, lounge and dining cars 
are all panelled with Formica laminates. Pictured in 
the October 1947 issue of Modern Plastics is an English 
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third-class passenger coach, likewise lined and panelled 
with attractive, cigarette-proof panels. For these uses, 
urea and phenolic resins predominate as bonding agents. 
All screws in skirtings are countersunk and filled with 
laminate plugs; all panel screws have been hidden by 
cover fillets of glued laminate strips. The upper class 
coaches in India are similarly panelled but, according 
to the October 1947 issue of Plastics (London), screws 
and paints were replaced by anodized aluminum iittings. 
Climatic conditions in India are unusually severe and 
these wall boards, ceilings, fold-in-wall tables and wash- 
bowls will undergo a rigorous field test. 


THERMOPLASTIC and thermosetting types of plastics 
are flame sprayed on metal surfaces to provide resist- 
ance to corrosion. As described in Plastics (London), 
October 1947, polyethylene, phenolic, polysulfide rubber 
and polyvinyl chloride plastics are frequently used. 
Despite the difference in the coefficients of expansion, 
very satisfactory results have been achieved when spray- 
ing is done properly on shot-blasted metal surfaces. 
Ordinary metals, flame-sprayed with plastics, can be used 
to replace expensive, special materials. The film is con- 
tinuous and adheres well because the plastic is molten 
until it touches the metal surface. 


NATURAL RUBBER has been decontrolled for use in all 
non-transportation items, and natural rubber latex has 
been decontrolled for almost all uses. Although some 
economists claim this move will mark the beginning of 
the true competitive test of natural vs. synthetic rubber, 

it will still not be a fair test. The competitive price of 

natural rubber is about 16 cents per lb, while the price 
for synthetic rubber is government-fixed at 18} cents 

per lb. Canadian synthetic rubber is now priced at 16 

cents per Ib, and it is believed that American producers 

could at least equal this figure. 


SYNTHETIC RUBBERS of two new types are now com- 
mercially available, according to reports in the October 
1947 issue of Rubber Age. Lactoprene EV, an acrylic 
rubber, is produced in one to two hours at atmospheric 
pressures, a distinct advantage over the slow GR-S proc- 

ess. Other advantages of this mew rubber include 

resistance to dry heat, oil, sunlight, and oxidation, and 

a long flex life. Available in a variety of pastel shades 

or white, it can be vulcanized with the usual agents. 

The new polysulfide elastomer, Thiokol ST, is thermo- 

setting after vulcanization, has good low-temperature 

properties without the use of extractable plasticizers, and 
has excellent resistance to sunlight, ozone and solvents 


VIBRATION CONTROL MOUNTINGS, consisting of a 
steel a imbedded in rubber, are now being pro- 
duced by a low-cost process. As mentioned in Rubber 
Age, October 1947, it is used to smooth Operation for 
pumps, motors, generators and compressors. The worst 
vibration effects are noted upon starting, and these new 

mountings frequently eliminate the necessity for snub- 

bers or flexible connections. The combined use of the 
steel spring and rubber is claimed to increase the load 
capacity and provide usage over a wide vibration fre- 
quency range. These mountings have been successfully 

applied to compressors running at 450 rpm and to 1,750 

rpm pumps. 


ELE TRICAL-GRADE SYNTHETIC RUBBER, designed 
tor very low water absorption and superior qualities, is 
now available in the form of special GR-S, X-361. Recent 
tests reported in India Rubber World, September 1947, 
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indicate water absorption values less than half that of 
the GR-S-65, previously thought best for wire and cable 
insulation. The X-361 ts produced by a special process 
not possible during the war because of the very large 
tanks required for greater than usual dilution with water. 
No recirculated serum is used and alum is the preferred 
coagulant. 


IMPROVED COMPOUNDING of synthetic rubber has 
been found possible by the addition of finely divided 
wood cellulose, commonly referred to as “alpha flock.’ 

According to Rubber Age, September 1947, the advan- 

tages include: Less cold flow, reduced shrinkage of 

green and curing stock, greater hardness without 
increased brittleness, lower weight, lower cost, improved 
color, and smoother surfaces that permit production of 
tubing at greater speeds. No harmful effects are no- 
ticed in the physical properties when 10 parts of cellu- 

lose flock are used per 180 of base rubber. When 10 

to 20 parts of flock are used, the tensile strength and 

elongation begin to fall off slightly. 


A PINLESS HINGE has been designed for use on molded 
razor cases produced in England. The hinge consists 
of two spring steel parts which, when clipped together, 
operate with a snap action. The razor case moldings, 
as illustrated in the September 1947 issue of Britis} 
Plastics, are designed with slot sockets into which the 
hinge is easily pushed. When the hinge part is firmiy 
seated in the socket, it locks and cannot be removec. 
No drilling or riveting is required, and no fastening 
device is needed because of the snap action. 


A HEAT-RESISTANT TIRE has been designed in the 
interest of safety rather than to extend the mileage life. 
Careful shaping of the tire contours, to approximate 
position when under loads, has eliminated flextural heat. 
Excess weight has been avoided, according to the Sep- 
tember 1947 issue of Rubber Age, and patented “heat 
vents’ in the shoulders further reduce the temperature. 
The “heat vents’ ventilate the tread area and dissipate 
heat caused by high running speeds. Rayon cording is 
used in these tires. 


NONFERROUS METALS 


MAGNESIUM ALLOY permanent mold castings will be 
used to form light shipping reels for steel cable and 
electrical conduits. A 5-ft diameter magnesium alloy 
reel weighs 220 Ib as compared to 650 Ib for a wood 
reel, and 380 Ib for a steel reel of same size. After use, 
according to Iron Age, November 13, 1947, the new reel 
can be knocked down and returned to the shipper. 


LIGHT METAL ALLOYS are also being used to form 
small spools for the textile industry. As 


by F. 


mentioned 
A. Rappleyea, Modern Metals, October 1947, 
these spools can reduce the weight and inertia effect of 
moving parts. 


TANTALUM is an engineering material with a high melt- 


ing point, 5,400 F, and would appear to be useful for 
high temperature application. As pointed out by K. 
Rose, Materials and Methods, October 1947, its ready 
oxidation precludes such a use except in vacuum. Tan- 
talum is used in vacuum tubes to absorb the last traces 
of oxygen and increase the tube efficiency. Since it is 
resistant to attack by most acids except hydrofluoric and 
fuming sulphuric, it is used in the chemical industry for 
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apparatus which must withstand chemical attack and 
permit rapid heat transfer. When used as a cathode in 
an electrolyte, tantalum forms the basis of a wet recti- 
fier or lightning arrester since it will only conduct cur- 
rent in one direction. Combined with carbide, tantalum 
is used in metal-working tools and dies. 


ALUMINUM CASTINGS must be sound if the parts are 
to be subsequently finished by anodizing, electroplating, 
painting or lacquering. A surface cavity on the alu- 
minum part will cause a rupture, sooner or later, when 
any of these finishes are used. When the parts are dyed, 
the presence of surface imperfections leads to a spotty 
appearance of the finished product. As mentioned by 
Light Metals, October 1947, these comments also apply 
to plated parts. 


ALUMINUM use is continuing to be expanded in highly 
specialized fields. As mentioned in Light Metals, Octo- 
ber 1947, an expanded rubber material is sandwiched 
between two thin sheets of aluminum to form a struc- 
tural sheet. These sheets are used to form fish holds 
on Scotch trawlers. Such holds are strong, light, and 
easily cleaned. Other applications include an aluminum 
container which holds a piezo-electric crystal in a violin 
type of instrument el replaces the normal wood 
resonance chamber. 


LEAD CABLE SHEATH CORROSION has been investi- 


gated to determine the importance of electrochemical 
factors in underground installation. It has been found, 
V. J. Albano, Corrosion, October 1947, that stray currents 
are the principal cause of failure in underground tele- 
hone cables in most cities where trolley cars are still 
in operation. Such cables are usually protected cathod- 
ically by drains to the negative return system of the 
trolley system. Since trolleys are gradually being aban- 
doned, corrosion due to galvanic and local cell action 
has become more prevalent as a cause of failure. Such 
corrosion can be avoided by keeping the lead cables 
dry, but since this is impractical, the corroding electrolyte 
is kept from the lead sheathing by the use of impervious 
coatings of rubber or plastics in areas where the sur- 
roundings are extremely corrosive. Coatings not imper- 
vious to water tend to reduce the rate of corrosion by 
maintaining a uniform electrolytic medium around the 
cable. Alteration of the environment by the addition 
of film-forming substances is said to reduce the rate of 
corrosion as does cathodic protection. 


SHOT PEENING has proved effective on steel automotive 
parts, particularly springs, and has been extensively 
applied to aircraft engine parts to increase service life. 
Parts so treated included aluminum alloy piston and 
crankcase sections as well as steel engine parts. While 
shot peening of magnesium parts has been tried experi- 
mentally, as mentioned by C. H. Wick, Machinery, 
November 1947, it is not used in production because of 
the fire hazard involved. It was found necessary to 
closely control the intensity of the shot peening opera- 
tion; otherwise the resistance of the part to repeated 
stress was impaired. 


BERYLLIUM PRODUCTION TECHNIQUES had to be 
developed for the atomic energy projects during 1944-45. 
Vacuum melting and casting techniques had to be devel- 
oped to give sound and ductile billets suitable for 
extrusion. It was necessary, in order to avoid con- 
tamination, to melt the beryllium in a special crucible 
consisting of a graphite tube lined with a tamped inner 
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liner of beryllia. This composite crucible was fired in a 
reducing atmosphere at 1,650 C. for a period of one 


hour prior to use. A hole in the bottom of the crucible 
was plugged with a tube of beryllia during the melting 
Operation. Melting and casting were done in a vacuum 
For this, the crucible was mounted above the mold 
which was made of graphite with an alundum hot top 
The mold was water-cooled, and separated from the 
crucible by a K-30 insulating brick. After vacuum 
fusion, in which most of the impurities were removed 
by distillation, argon was admitted to the system, the 
stopper was lifted, and the metal was cast in the mold 
under a positive poem of 2 to 5 lb of argon. Impuri- 
ties were reduced from as high as 1.40 to less than 0.15 
percent, while the volume shrinkage during solidification 
was less than 3 percent. Principal impurities removed 
were volatile constituents such as magnesium and mag 
nesium fluoride. There was little change in the iron 
aluminum, silicon and copper content. 


ALUMINUM and aluminum alloys have recently been 


used in the construction of two large bridges. In one 
instance, G. W. McArd, Mechanical World, September 
19, 1947, an 85,000-ton dock junction bridge was made 
entirely from aluminum. The New York Central Rail- 
road has included one experimental span out of a 7-span 
plate girder bridge. The 100-ft span is made entirely 
from aluminum; including the rivets. The aluminum 
span weighs 27 tons, while the corresponding steel spans 
weigh 64 tons each. 


ELECTRO-FORMED NICKEL molds have been pro 


duced in order to obtain a realistic rubber glove for 
use over artificial hands. As mentioned in Metal Indus- 
try of London, September 26, 1947, such a mold has 
high thermal conductivity, is chemically inert to the 
plasticizers used and will withstand repeated and rapid 
heating and cooling without distortion. The electro- 
forming method lends itself to the reproduction of the 
intricate details of the fingers and hand. Plasticized 
polyvinyl chloride is used as glove material. 


NICKEL BEARING COPPER, temper hardened and with 


an electrical conductivity of 60 percent, has been an- 
nounced by a British manufacturer. It contains one 
percent nickel, 0.2 percent phosphorous, 0.2 percent 
sulphur, and the balance of high conductivity copper 
Physical properties are improved by heat-treatment and 
are said to be maintained after heating to 500 deg centi- 
grade. The heat-treatment consists of a solution-anneal 
at 800 to 850 C followed by water quenching or rapid 
air cooling. In this condition, the alloy can be hot- 
forged, stamped or extruded. Temper hardening is 
carried out at 500 C for 30 minutes. With a reported 
tensile strength equal to that of gun metal, this alloy 
is available as rod, bar, strip or sand casting. 


ALUMINUM ALLOY CASTINGS for oil-burner fan 


housings are replacing gray iron castings. As men 
tioned by W. S. Klockau, Modern Metals, October 1947, 
the use of aluminum has resulted in improved appeat- 
ance, a better inside finish with a consequent reduction 
of noise during operation, and a lower cost because of 
the minimized warpage, grinding and machining neces 
sary. The fan housings are cast as two parts and are 
pinned together to form the unit. 


CAUSES OF DIE-CASTING IRREGULARITIES evoke 


interest among producers and users. In a recent article 
J. L. Erickson, Iron Age, November 13, 1947, issue 
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this problem is discussed at considerable length. Irregu- 
larities frequently encountered include: Porosty because 
of trapped air, porosity from the evolution of gas during 
solidification, shrinkage porosity, cold shut, shrinkage 
cracks, foam or sponge spots, inclusions, surface flow 
lines and a heterogenous microstructure. The use of 
the wrong die steel, improper heat-treatment, use of 
high melting alloys such as copper base alloys or pro- 
longed usage at lower temperatures may cause heat 
checking of the dies, with consequent se age of 
the surface finish. The finish may be marked to such 
an extent that it cannot be polished smooth. 


[RON AND STEEL 


COPPER BASE ALLOY WHEELS have been centrifugally 
cast and cast in sand to compare the tensile oe 3 
produced by both methods. As mentioned by O. R. 
Lee and L. Northcott in the October 3, 1947 issue of 
Metal Industries, five different copper alloy composi- 
tions were investigated. The alloys studied included: 
an aluminum bronze, 10 percent aluminum, 5 percent 
nickel; a yellow brass, high strength; gun metal; leaded 
gun metal, and phosphor bronze. Specimens cut from 
the centrifugal cast wheels showed an improvement in 
tensile strength varying from 3 percent for the high 
tensile brass to 35 percent for the phosphor bronze. 
The elongation was also better for the samples cut from 
the centrifugal castings than for the specimens cut from 
the sand castings. Segregation was present but negligi- 
ble in the centrifugal castings except for the leaded gun 
metal where appreciable segregation was observed. 


HOT-FORMING of nitrided steel valve sleeves, after 
nitriding, is reported by J. Frazier, Materials and 
Methods, October 1947. Only slight deformation, 
analogous to a moderate coining operation, was required. 
Sleeves were performed nearly to shape before nitriding. 
The pressing temperature had to be exact because the 
nitrided coating cracked at 1,850 deg Fahrenheit. Final 
hardness was equivalent to 65-67 Rockwell C and the 
honed sleeves gave ample wear resistance. 


SANDWICH METAL and plastic parts, described by 
J. D. Edwards, Iron Age, October 23, 1947, illustrate 
the modern trend toward this type of construction. An 
airplane panel is made of two aluminum alloy faces 
of 0.020 in. thick 75 ST Alclad between which is 
cemented a 1 in. thick varnished cambric honeycombed 
core. This panel is claimed to have 200 times the stiff- 
ness of a solid aluminum panel of equal weight. Another 
combination is found in a plastic sheathing that is 
coated with aluminum to make a packaging material 
impervious to light, moisture, oxygen, hydrogen sulfide 
and other gases. Aluminum pipe, spinning bucket 
spools and other parts used in the rayon industry are 
covered with a heavy coating of phenolic resin to impart 
corrosion resistance to the equipment. In general, 
thermo-plastic cements are used that have tensile strength 
up to 7,000 psi. and shear strength up to 4,000 psi. 


MAGNESIUM ALLOYS are being increasingly used in 
this country and abroad. As mentioned in the Septem- 
ber 1947 issue of Modern Metals, a magnesium roto- 
tiller is being manufactured in England. Light truck 
bodies for bakers and newspaper distributors are being 
fabricated from magnesium alloy, both in Great Britain 
and the United States. Army Ordnance applications, 
according to C. H. Corey in the same issue, include the 
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use of magnesium launching tubes for the 4.5 in. rockets, 
cast magnesium artillery wheels, bed plates for the 60 
mm. mortar and structural applications requiring fusion 
welded joints. 


EXPANSION FIT ASSEMBLY of metallic parts has long 


been done with dry ice as the cooling medium. For 
some parts, the temperature of dry ice has not been low 
enough to provide the necessary contraction. Aircraft 
sub-assemblies were expanded by cooling in liquid 
oxygen during the war. This proved hazardous as men- 
tioned by C. H. Wick, Machinery, October 1947, and 
liquid nitrogen was substituted. This method of assem- 
bly avoids the warpage that would occur where certain 
steels and aluminum alloys are heated in order to permit 
expansion fitting. Liquid nitrogen, boi: ng at —320.4 
F, is less hazardous than liquid oxygen because the 
nitrogen is an inert gas and will not support combus- 
tion. However, some metals are brittle at this tempera- 
ture and care must be taken to prevent breakage. 
Shrinkage for austenitic stainless and _heat-resisting 
steels is a bit under 0.003 in., copper alloys a bit above 
this, aluminum alloys slightly over 0.0004 in., and mag- 
nesium alloys still more. Per pound of metal cooled, 
the materials listed require about 6 cu ft of liquid nitro- 
gen, with the exception of aluminum which requires 
twice as much, and magnesium which requires slightly 
more than twice as much. 


COLD-FORMED automobile bumpers are discussed in a 


staff article in the October 23, 1947 issue of Machinery. 
Bumpers were formerly made of quenched and tempered 
spring steel. Evaluation of the real functions and the 
limitations of a bumper indicates that there is no great 
virtue in having spring steel properties. High tensile 
steel, as-rolled, has adequate properties. The press- 
forming of such steel into bumpers is described with 
illustrations. 


AUSTENITIC heat-resistant steel for jet engine 


arts has 
been successfully machined with a fen cont carbide 
tool. Normally used for machining nonferrous materials, 
this tool, 94 percent tungsten carbide and 6 percent 
cobalt, out-performed the best grade of high-speed steel 
and a tungsten-titanium carbide cemented tool ordinarily 
favored for cutting ferrous materials. On one part, 
240 pieces could be machined between grinds of the 
pied sti tool as compared to four pieces per grind 
of the ferrous tool. On another part, the figures were 
85 and 8 pieces between grinds. 


SURFACES hardened by induction heating methods have 


been found to compare favorably with the characteris- 
tics produced by the ordinary heating and quenching 
process. When 1045, 4340 and 1 percent carbon drill 
rod steels were investigated, it was found possible to 
obtain a slightly higher surface hardness, and _pre- 
sumably better wear resistance in the induction hardened 
1045, and 4340 steels. As reported by J. W. Poynter, 
A.S.M. preprint, the austenite does not have time for 
complete homogenization by diffusion of carbon when 
rapidly heated by induction. On quenching, such 
inhomogeneous austenite transforms more completely, 
there is less retained austenite, so the hardness is not 
lowered by the presence of austenite. It has been com- 
monly thought that the rather small amount of austen- 
ite retained in these steels on the conventional quench is 
not detectable by hardness testing, and that the greater 
hardness of the induction hardened surface is due to 
internal stress. 
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Economics of Radio Frequency 
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INDUCTION heating of electrically conductive materials is useful mately 2 sec. By-pass capacitors protect motors and relays from 





for such applications as selective surface hardening. For example, induced R.F. voltages. (A) Gear in heating position. (B) The 
contour hardening this gear requires 175 kw at 450 kc for approxi- hardness pattern follows the contour of the teeth. 
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DIELECTRICALLY set glue replaces clamps for edge-gluing volts across clectrodes. Panels can be planed immediately, 
boards into wide panels. In the press, about half the glue-line then are stored for a few hours since the dielectrically set g 
area is set in 30 to 45 sec. by 10 kw, 5 me power, with about 1,500 icts as a Clamp while the rest of the glue sets at room temperature 
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Heating 


A. P. BOCK 


Section Engineer, Industrial Electronics Division 
Westinghouse Electric Corporation 


To BE JUSTIFIED ECONOMICALLY, radio frequency heating 
must pay for itself by reducing processing costs or increas- 
ing the quality of a product. Many times both are secured. 

Radio frequency is used for both induction and dielectric 
heating. Induction heating methods selectively heat metals 
or other electrically conductive materials for processes such 
as surface hardening of steel, soldering, brazing, flowing 
of tin on tin plate, tempering and annealing of steel, stress 


Three steps for analyzing and evaluating whether or not 
the use of induction or dielectric heating is justified. 


relieving, shrink fitting of metals, and activation of carbon. 
Dielectric heating methods generate heat inside materials 
that are non-conductors or poor conductors of electric cur- 
rent. Typical applications include processes for preheating 
plastics before molding, curing and drying of rubber, thaw- 
ing of foods, rapid setting of glues, and many similar uses 
in a variety of industries. 

Three suggested basic steps for determining the economic 
justification of radio frequency heating for a prospective 
application are (1) preliminary examination of the eco- 
nomics, (2) solution of technical aspects of the problem, 
and (3) final analysis of the economics of the application. 


I—PRELIMINARY ANALYSIS 
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tube replacement, 3,000 to 5,000 hr; amortization, 5 yr, 16 hr per 
day; and power, $0.01 per kwhr. (A) Induction; (B) dielectric. 


Investigate the economics before starting technical devel- 
opment work, on the assumption that the technical solution 
has or can be made. 


THERMAL REQUIREMENTS. Calculate the thermal require- 
ments of the application in terms of kilowatts of radio fre- 
quency power for the production rate being considered by, 
lb/hr X specific heat X degrees rise F 
ee ee (1 
3,413 

If water will be evaporated during the heating cycle, estt- 
mate the amount and determine the kw required by, 
lb/hr of water evaporated X 970 ‘ie 
3,413 ie 
The sum of the kw from Equations (1) and (2), plus 10 
percent for thermal radiation, is a reasonable estimate of 
the required generator rating. Standard ratings for genera- 
tors for induction and dielectric heating are shown respec- 
tively by the numerals of the horizontal scales of Fig. 1. If 
thermal power requirements are slightly more than the 
rating of a standard generator sometimes the production 
rate can be proportionally reduced for maximum overall 
economy. When thermal power requirements do not match 
available generator ratings, several standard generators often 

an be operated simultaneously. 








kw = 


DETERMINE HEATING Cost. Basic operating costs of radio 
trequency induction heating equipment versus output rat- 
ings are shown in Fig. 1(A). Ratings available at the pres- 
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heating cost per unit, exclusive of labor, for: (A) 5, 10 and 20 kw 
radio frequency generators and (B) 50 and 200 kw generators. 


ent are 2, 5, 10, 20, 50 and 200 kw generators. The total 
basic operating costs are broken down into cost of power 
at $0.01 kwhr, amortization and electronic tube replace- 
ment. Since labor costs incidental to particular processes 
vary considerably with the nature of the process and geo- 
graphic location of the plant, they are not included in the 
curves but should be estimated separately and added. Gen- 
erally, labor costs are low because most radio frequency 
heating applications fit into production line operations and 
unskilled labor can be used. 

Basic operating costs of dielectric heating equipment 
versus Output ratings are shown in Fig. 1(B). Ratings 
readily available are 2, 5, 10, 20, 50 and 100 kw with 
frequencies ranging from 5 through 40 mc. Since the 
absolute value of frequency is seldom critical, usually each 
generator is designed for a single operating frequency. 

When the duty cycle of a generator is 75 percent or 
greater, Fig. 2 shows the approximate heating costs per 
work piece versus production rate. After the (1) size of 
the generator, (2) the heating time per work piece, and 
(3) the loading and unloading time is determined, these 
curves will give the radio frequency heating cost per piece, 
except for labor. The labor cost chargeable to the heating 
operation should be estimated and added. These curves also 
show the range of production rates where the change in 
cost rate is fast or slow. If the production rate is in the flat 
region of the cost curve, for example, the unit cost is rela- 
tively stable for variations of production rates. If the rate is 
in the steep-slope region of the curve, the effect of produc- 
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tion variations is magnified as the curves clearly reveal. 

The experience of most manufacturing processes is that 
operation cannot be maintained 100 percent of the sched- 
uled working hours. Flow of materials may be interrupted, 
or in multi-purpose processes set-up operations necessitate 
idle time. Therefore, operational factors of the process 
or program of processes must be considered when evaluat- 
ing economic factors. 

The cost per piece can be approximated from Fig. 2 
by multiplying the full load production rate, or maximum 
capability of a radio frequency generator, by the estimated 
operational factor and reading the cost per unit from the 
curve corresponding to the reduced average production rate. 

The approximate cost per hour including the operational 
factor can be obtained by: (1) Determining the operating 
cost for stand-by operation, which is approximately 25 per- 
cent of the full-load power cost; and (2) adding the pro- 
portional costs per hour for the total actual cost per hour. 

For example, the 50 kw generator in Fig. 1(A) has a 
total — cost of approximately $2 per hr and a power 
cost of $1 per hr. Then for 80 percent operational factor, 
assuming the R.F. generator is in stand-by condition while 


II—-TECHNICAL 


In solving technical aspects of the application detailed 
and accurate calculations are essential such as were made 
for Fig. 3. Engineers who specialize on such analysis are 
usually available from suppliers of radio frequency equip- 
ment to help solve specific application problems. 

In making a technical analysis, actual samples should be 
tested in the laboratory, as shown in Fig. 4. This is espe- 
cially true when (1) results of a process cannot be obtained 
by calculation, or (2) when product quality of a new 
material must be evaluated. 





Manifold 
insures 
Wialigelmea) 
Jet press 


Quenching jets 
(A) 


Fig. 4—Laboratory analysis insures economic application of in- 
duction heating for hardening 14 in. dia wrist pins using 40 kw 
and scanning at rate of 1 in. per sec. (A) Test setup. Single turn 
coil, averages 5/16 in. long, and carries 1,500 amp of 450 kc power. 
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not operating, the cost per hour would be (0.8 2) + 
(0.2 X 1) = $1.80 per hr. Amortization and tube replace. 
ment costs continue during ‘‘stand-by’’. 


LABOR Costs. Estimate any labor cost involved, keeping in 
mind that unskilled operators usually can do the work 


AMORTIZATION. Estimate the amortization of special work 
handling machinery; cost of simple fixtures may be neg- 
lected in a preliminary analysis. 

The estimated amortization can be based on the hourly 
cost of amortization of the generator unit using 25 per- 
cent for semi-automatic machinery and 75 percent for full 
automatic machinery. These values are merely “bench 
marks”, since actual costs vary widely for specific work 
handling installations. 


Tota Cost. The sum of approximate costs for heating, 
labor and amortization usually indicates whether or not 
radio frequency is likely to be economical as compared to 
existing production methods and other possible methods 
If so, the next step is to solve the technical problems and 
reduce them to practice. 


ANALYSIS 
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Fig. 3—Effect of production rate on cost when heating steel from 
50 to 1,400 F with 20 kw generator. 
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(B) Micro structure of core, transition zone, and case; pictral etch, 
600 X. In this application of induction heating the wrist pin 
steel (SAE 1050 or AISI C 1050) has been through hardened 
and drawn to medium hardness before surface is induction hardened. 
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III FINAL ECONOMIC ANALYSIS 


If the final technical solution changes the preliminary 
inalysis that was made on a purely thermal basis, recalcu- 
late the costs. Some interesting cost relationships are shown 
in Fig. 5 on an actual installation. 

The radio frequency heating cost per pound for heating 
magnetic steel from 50 F to 1,400 F continuously by a 20 
kw generator is shown in Fig. 3. The radio frequency heat- 
ing cost variation per ton of product for various production 
rates in tons per hour is shown in Fig. 5. The costs are for 
heating process of brightening by melting electro-plated 
tin on tinplate in a continuous process with 600 kw radio 
frequency equipment. 


PERIODICALLY RECHECK BORDERLINES 








the prospective application passes the three stages of 


investigation, 
proceed with the installation of 
If the prospective application f 


pective application is borderline, 


development stage. New 
and developed continuously. 


By this procedure and these data most prospective appli- 
ations can be evaluated in terms of how much of the cost 
saving is reflected into the product by the use of 


or cost 


radio frequency heating. 


it is a good sound business investment to 
radio frequency heating. 
fails to pass the preliminary 
economic investigation it should be discarded. 
recheck it periodically. 
Applications of radio frequency heating are in an intensive > - 
techniques are being discovered 


If the pros- : 























Fig. 5 





Relative cost of brightening tin plated steel strip for dif- 
ferent production rates in a 600 kw R.F. 


industrial installation. 


Japanese Magnetic Materials Not Made in U. S. 


FOUR MAGNETIC MATERIALS not made 

the United States are made by the 
Japanese. according to a report issued 
by the Office of Technical Services. 
The report. prepared by investigators 
for the U.S. Naval Technical Mission 
to Japan, surveys the development of 
magnetic materials fn Japan during the 
war. The subject is of particular in- 
terest in connection with the develop- 
ment of magnetic amplifiers. 

The four materials are: An iron- 
iluminum alloy “Alfer’, developed as 
a substitute for nickel: ‘‘Sendust’’, a 
high permeability alloy of iron, silicon 
ind aluminum: and two permanent 
magnet materials, ““NKS” and “OP” 
developed before the war. About 16 
other magnetic materials are made in 
Japan including a few of the high- 
nickel, high permeability alloys used 
in quantity in the United States. None 
of the American magnet material, ‘‘Al- 
nico V"’. is made in Japan, according 
to the investigators. 

One important new application of 
magnetic materials in Japan has been 
the use of Alfer in magnetostriction 
projectors and microphones. It was 
ilso used to replace nickel in the 
ores of underground vibrators and re- 
ceivers. The NKS permanent magnet 
alloy and the high permeability Sen- 


dust are used in various kinds of ap- 
paratus in conventional ways. OP 
magnets are used in magnetic chucks, 
ore separators, telephone 
loud speakers for airplanes, bicycle 
lamp generators, and the like. 

Research in general was influenced 
by Japan’s lac k of nickel and cobalt. 
In the manufacture of magnetic mate 
rials Japanese methods are said by the 
investigators to be about 10 years be 
hind those of the United States. For ex 
ample, Silicon-iron transformer sheet 
is never processed by cold rolling. 

However, it is believed that the de- 
velopment of new Japanese magnetic 
materials may be of interest in con 
nection with American research on 
the magnetic amplifier which requires 
high permeability magnetic core mate- 
rials for efficient operation. 

While some work was done on the 
magnetic amplifier in Japan during 
the war, no magnetic amplifiers were 
used by the Japanese navy, and nego- 
tiations with Germany to obtain sam- 
ples and information about them ap- 
parently never materialized. 

Experimental work was carried out 
to determine if magnetic amplifiers 
could be used in place of a three stage 
vacuum tube amplifier and as relays 
for automatic telephone circuits but 


receivers, 
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) practical applica ition was made 

“The report, in three part 
research, manufacture, anc ‘- use of mag- 
netic materials in Japan. The section 
on research fundamental 
physical studies, the investigation of 
four alloy systems (Fe-Al, Fe-Ni-Si, 
Fe-Ni-Cu-Cr, Fe-Mo-W), and experi- 
mental engineering applications. The 
section on manufacture discusses com- 
position and production methods of 
the permanent magnet materials KS, 
New KS, MK alloys, OP magnets, 
molybdenum magnet alloy, Senalloy; 
and of the core materials, Alfer, Al- 
perm, B.S. alloy, 30 percent nickel 
alloy, super permalloy, NC alloy, Jap- 
anese nicalloy, Sendust, magnetic oxide 
loading-coil cores, N.F. alloy, TMS, 
Electrolytic iron, silicon steel, Sen- 
perm, and Furukawa magnetic alloy. 
The section on use discusses magnetic 
amplifiers and the use of Alfer in 
underground vibrators and receivers 

Mimeographed copies of the 62- 
page report (PB-76031; “Magnetic 
development in Japan during World 
War II’’) cost $1.75. Orders should 
be addressed to the Office of Technical 
Services, Department of Commerce, 
Washington 25, D. C., and should be 
ac companied by check or money order 
to the Treasurer of the United States. 
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Types of Trolley Conveyor Chain 


JOINTs used in conveyor chain systems are designed out of the supporting track. Joints can be designed 
for specific applications. The type of joint specified for use with bends in the vertical or horizontal 
for a certain installation depends entirely on the lay- _—_ planes, and for combination service. 
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VARIOUS TYPES OF JOINTS 





















<> r 
A 
7l4 a h 
' i 25 eg 
“AEE: 
25 deg 
; rrIaX 
Sa" f 
= ae 1236 Vulcan Chain : 
aad Mfg Toggle Joint : 




















[ “Sameer | 
Rio 
! : 
i 
< 
S a ‘ 
8) 
© 
tf Y Ds 
>? Sy 
3 p) ‘eg : 
3 PIX 
i — 
JI7deg A 
SPIAX W 
4 Y ! 
Interior view of T-516 
double ball and socket 
. > al 4 fra + é€ 
r joint with 4 wheels 
>| Ja It operates on 24 in 





radius vertical and 
horizontal curves 






























































a 
CLA ALLL AAA Ahh hh hh ‘Aah A act hoanbidhentieent hhentihhentihentitutiheukde ie Arh hen heuhhudhthuuihudihen "Sas 
Plan 
CZZZZIZIZ a, 
, ——— 
st GY LZ o 
Ach heath hhuthihhutihuntdudd 
Elevation Cross Section 
Through Track S 
54 F i 
«2 Ss z 
4 4 = Veb 


veeenneenan 


Universal Joint Operates on 
24-in. Radius Vertical and Horizontal Curves 





458 Chain-Universal Link Assembly 
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Links and Joints a 


Albert Kahn Associated Architects and Engineers Inc 


THE success of the overhead trolley conveyor is 
largely the result of the development and use of drop- 
forged, rivetless, Keystone chain. The dimensions of 


several sizes of Keystone chain links are shown below 
with two examples of pin-jointed chain. Standard 
Keystone chain parts are shown in three views. 





DETAILS FOR PARTS OF STANDARD KEYSTONE CHAIN 
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DIMENSIONS OF KEYSTONE LINKS 
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THE PROBLEM 


IF A SEALED CONTAINER is under vacuum, air pressure 
will force the cap down to a position shown by the dotted 
line. The deflection will vary from possibly 0.015 in. to 
0.060 in. depending on dimensions of the cap and the 
degree of vacuum. Problem is to automatically and con- 
sistently gage this deflection on 300 containers per minute. 


























1—Mechanical Gaging 


POSITIVE CONTACT is made with the high edge of the cap 
A floating center contact is adjusted for the proper deflec- 
tion. The contact rod actuates a micro switch if deflection 
is insufficient. This circuit then energizes a rejecting 
mechanism to discard sub-standard units. 


Six Ways to Check Vacuum 


4—Air Jet 


TO THOSE FAMILIAR with the air jet method of gaging 
developed by Sheffield, the possibilities of this method are 
evident. However, because of the much larger air jet 
escape space, different air pressures and auxiliary devices 
are needed. The wavy lines on the drawing indicate paths 
of air escape. 

















5—Dynamic Resiliency 


THIS TEST is based on the principle that the stress, and 
hence the resilience of the cover, varies with the degree 
of vacuum. The greater the vacuum, the higher the re- 
bound of a light hammer. Low rebound indicates insuf- 
ficient vacuum. The hammer is held and released by a 
solenoid which also recovers it after the rebound. Micro 
switch is actuated by a nonmagnetic extension of the 
hammer. 
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2—Magnetic Circuit 


THIS SCHEME IS APPLICABLE only to covers of magnetic 
materials because the cap must be part of a magnetic cir- 
cuit. The air gap is over the center of the cap. Variations 
in the air gap vary amount of magnetic flux. The induc- 
tive reaction of the coil can be amplified to energize the 
rejecting mechanism. 





3—Electric Eye 


A LIGHT IS FLASHED on the top of the container. The 
effect of its reflection on an electric eye determines rejec- 
tion. Two versions: (1) Large diameter beam must have 
proper curvature of cap to focus beam; (2) Small diam- 
eter beam is aimed at spot not on cap edge or center. If 
curvature is not correct, beam will miss electric eye. 


In Sealed Containers 





























6—Electric Ear 


THIs IS AN ATTEMPT to electrically ~—— the human 
1 


ear-and-tapping test; that is, to note a difference of pitch. 
Pitch or natural frequency of the cap depends on its taut- 
ness, which varies with the amount of vacuum. The sound- 
ing hammer is released by a solenoid and a microphone 
picks up the sound of the impact, passing it to amplifier 
and filter. If this sound is below the correct pitch, the 
rejecting mechanism is operated by the relay. 
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VERIFYING THE EXISTENCE of a vacuum is the most feas- 
ible check on the sterility of hermetically sealed foods. In 
the trend toward automatic food packaging, the demand 
for rapid and reliable vacuum checking has been persistent. 

It is a foremost wish of food packaging companies that 
only sterile food containers reach the customer. And 
although it is easy to produce a sterile container without 
a vacuum, the existence of a vacuum is assurance of the 
sterile condition. When a vacuum seal is broken, the hiss 
of inrushing air reassures the consumer that bacteria have 
not been able to enter. It also verifies the absence of oxygen. 
While oxygen does not spoil sterilized food, it can, because 
of its chemical activity, lower the quality and affect the 
taste of some processed foods. 

Sanitary and gustatory requirements are not the only 
reasons for vacuumizing. The vacuum performs the me- 
chanical function of holding the cap tightly on the jar. 
On a small jar the cap is held by an outside force of 
—— 30 pounds. Thus there is no need to worry 
about jolting or “right side up” during transportation. 


GENERAL PRINCIPLES 


The presence of a vacuum in the head space between 
top of contents and cover or cap usually can be determined 
by tapping the top. An experienced tester can tell by the 
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Plan View 


Plan View 
of Rotary Type 
Checking Machine 


Because the containers are under 
test for a relatively long time, 
this design is adaptable to more 
testing schemes than an “‘in-line”’ 
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pitch of the resulting sound whether or not an adequate 
vacuum exists. This method is crude, slow and, being an 
extra operation, is an appreciable cost. It also has the 
weakness of depending entirely on the human element. 
Nevertheless, it is accepted to such an extent that some 
large packing concerns expend considerable money to tap 
jar caps. Automatic checking is an obvious answer to this 
inadequate technique. 


VACUUM TESTING METHODS 


Six methods briefly described may be designated as fol- 
lows: Gaging, magnetic field, electric eye, pneumatic gage, 
dynamic elasticity, electric ear. 

The individual descriptions and drawings are only in- 
tended to be schematic and for application to the rotary 
machine. Various rejecting mechanisms for removing sub- 
standard containers from the conveyor lines are not dis- 
cussed. 

Possibly all of the six automatic checking methods sug- 
gested here are theoretically applicable to any airtight con- 
tainer, whether metal, plastic or glass with metal or plastic 
caps or covers. Each of the methods outlined is better 
suited than another to certain types of containers. 

Vacuum checking should be done between processing 











Elevation 
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labeler 


retorts and labelling machines. 
cooled to about 70-80 F, near normal temperature. 

The two general types of testing machine arrangements 
are the rotary or turret type, shown schematically above, 
or the “‘in-line’’ type, shown below. The ‘‘in-line’’ machine 
can be built to smaller dimensions but has a disadvantage 
that must be considered. The container is available under 
the testing unit for only a very short time. For instance, to 
test containers on four-inch intervals at the rate of 300 per 
minute, the time available for testing each container can be 
only one-thirtieth of a second. This might be sufficient for 
some of the schemes suggested here, but certainly not for all. 

The rotary machine is larger and more costly. However, 
it has the advantage of keeping the container under the 
testing unit for a period of two and one-half seconds. That 
is about seventy-five times as long as the test time for the 
‘in-line’ machine. 

On the rotary machine each testing station is lowered to 
the top of the container where it remains until the testing 
cycle is complete. It is then raised. This motion is effected 
by cam action and must be synchronized with the star wheels 
and rejecting mechanism cam. For experimental purposes, 
therefore, the rotary machine is the most desirable because 
it can be used to try any of the various methods proposed. 


Elevation 
of In-Line Type 
Checking Machine 


The limited testing time restricts 
application of this design. 
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Gas orifices 


~~ Electrode holder 


Gas shielding cup 


_-— lungsten electrode 


Fig. 1—In the Heliarc process argon or helium protects the weld puddle and the tungsten electrode. 
Electrode is nonconsumable. Hence any filler metal must be added outside arc proper. 


the tungsten electrode and the work. 





The electric arc forms between 


Heliarc Welding for the 
Ditticult-to-W eld Metals 


Joint constructions, limitations on thicknesses of materials, weld 
strengths relative to strengths of base metals and other informa- 
tion for use in designing parts and articles for fabrication by 
Heliarc welding. A comparison of the Heliarc process with 
other welding methods is made and advantages are discussed. 


H. T. HERBST and F. J. PILIA 


The Linde Air Products Company 


MOsT OF THE METALS and alloys that 
are regarded by designers as among 
those difficult to weld, such as stain- 
less steel, magnesium, aluminum, 
Hastelloy alloys, Everdur and various 
brasses, silver, Inconel, copper nickel, 
Monel, phosphor bronze and _ nickel, 
an be satisfactorily and economically 
welded by the Heliarc process. In addi- 
tion to conventional welding wherein 
two pieces of similar materials are 
joined, the process can be used to coat 
silver and silver alloys on steel, on 
stainless steel and on aluminum bases, 
as well as for the application of hard 
surfacing to steel rods. In general, the 
Heliarc process is applicable to a wide 
variety of welding conditions, extend- 


ing all the way from slow hand weld- 
ing, with inexperienced operators and 
poorly fitted joints, to the high speed 
operations represented by the mechan- 
ized welding of carefully fitted pieces 
in jigs for holding firmly together. 
Materials thinner than 4, in. in 
thickness generally are not suitable for 
hand welding because the melting and 
distortion of thin materials makes them 
difficult to control during hand weld- 
ing. Machine welds have been made 
on material as thin as 0.005 in. in 
production but these have been rather 
specialized applications that have al- 
lowed close holding of the joint shape. 
A great variety of production applica- 
tions are possible with material not 
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and Alloys 


thinner than 0.025 in. As might be 
expected, joint design should specify 
cleaning of the pieces prior to assembly 
in addition to adequate, rigid jigs for 
welding thin material. 

The maximum thickness that can be 
welded by the Heliarc process at the 
present time is limited only by avail- 
able equipment. The 500 ampere, 
hand-welding torch will allow produc- 
tion welding as follows: Aluminum 
with no preheat, 3 to 3 in. and with 
300 to 400 deg. preheat, about 14 in. 
in thickness; stainless steel, without 
preheat, up to 4 in.; Everdur with no 
preheat, up to ? or 1 in. in thickness; 
Magnesium up to and including 1 in. 
in thickness. 


JOINT DESIGN 


As in all types of welding, better 
results and lower costs are obtained 
if consideration is given to provide 
a design really suited for welding. 
Inasmuch as the Heliarc process uses 
an arc between a nonconsumable elec- 
trode and the work so that any filler 
metal must be added outside the arc, 
maximum economy and speed are ob- 
tained when use is made of the various 
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Fig. 3—Joint types for hand and machine welding in which filler metal is required. 


types of flange or corner joints that re- 
quire no filler metal. If the material 
is too thick to be welded without filler 
metal and if other designs such as 
flanging are not possible or feasible, 
bevelled joints are used. In so far as 
the dimensions of a joint to be welded 
by the Heliarc process are concerned, 
they should resemble those used for 
the submerged melt welding process 
rather than the joint designs used for 
metallic arc hand welding. In this 
respect square butt joints are used in 
greater thicknesses than in metallic arc 
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welding and, where bevelled joints are 
specified, a square nose with no gap is 
more desirable than the single bevel 
and no nose design common with 
metallic arc hand welding. 

Various types of joints commonly 
used in Heliarc welding are illustrated 
in Figs. 2 and 3. The joints are di- 
vided into two classes, depending upon 
whether filler metal is or is not re- 
quired. In the first class, Types 1, 2, 
3, and 4 illustrate the limit of thick- 
nesses in butts, corner and lap joints 
that may be welded without filler metal. 





Type 1 is the common butt joint used 
in many welding processes. Type 2 is 
a somewhat specialized joint. Although 
the construction is not practical on a 
great many manufactured items, it is 
an easy joint to weld when the design 
admits the use of it. Bent type edges 
may be obtained by a blanking die or 
by the standard shear. The method 
of shearing to give this preparation 
calls for the use of a shim on the bed 
plate spaced back from the cutter face 
the distance indicated for the bend 
When the piece to be sheared is laid 
upon this shim, the cutter blade first 
forms the required bend and then 
shears. The thickness of the shim con 
trols the amount of bend-up as indi 
cated in the figure. 

While all of these joints are usable 
with either hand or machine welding, 
Type 1 is better adapted to mechan- 
ical than hand welding because a con- 
siderable amount of skill is required 
to produce a satisfactory joint without 
low spots. The extra metal provided 
by the bent-up edges in Type 2 and 
the extra metal provided by the over- 
lapping edges in the corner welds of 
Type 3 provide sufficient material to 
make hand welding easy. The lap 
welds shown in Type 4 can be pro- 
duced without filler metal either by 
hand or by machine if firm contact is 
maintained between the two lapping 
sheets. Since good contact is required, 
this design is not generally recom. 
mended for machine welding in view 
of the difficulty of securing such con 
tact in irregularly shaped pieces. Where 
such a joint is to be specified, hand 
welding will be necessary if contact is 
lacking. Some filler rod will be re- 
quired in the areas of poor contact 
The spacing limitations should be care 
fully observed in planning to set up 
operations without the use of filler 
metal. Since separation of the edges 
will result either in loss of the weld 
entirely or a weld not as thick as the 
best metal, care must be taken to pro 
vide edges which will mate closely 
Where this is not possible, welding 
without filler metal is not feasible so 
that joints of Types 5, 6, 7 and 8 
should be specified on the design 
drawing. 

Proper design of parts to be welded 
plays an important part in the ease 
with which the welding operation can 
be performed. For the Heliarc process. 
stainless steel, Everdur and, to a limited 
extent, magnesium need not have abut- 
ting edges of the same thicknesses. On 
the other hand, in aluminum fabrica- 
tion, the high conductivity of the metal 
makes equal thicknesses of adjacent 
pieces imperative. For instance, if 
castings or forged parts are to have 
wrought sheet or tube attached, the 
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asting or forged piece should be 
apered or machined so as to have a 
thickness approximately equal to the 
wrought material being attached. 
Where this is impossible consideration 
an be given in the design to provid- 
ing complete penetration of the weld 
for the depth of the wrought material 
by relieving the casting in the vicinity 
of the joint. Fig. 4 illustrates a 
method of relieving a heavy casting 
to which is welded a tube. In this 
example the relief in the casting al- 
lows the weld to penetrate the full 
thickness and to develop the maxi- 
mum strength through the section 
where the tube is attached. The greater 
distortion through improper placing of 
the weld joint is also indicated. 

As with other types of welding, 
leaning of the material has impor 
ance, varying somewhat with the type 
yf material being welded. Small 
amounts of foreign material on stain- 
less steel and Everdur will not par- 
ticularly harm the progress of the 
Heliarc weld but may result in con- 
tamination of the weld and therefore 
should be removed. Oil and grease, 
if any, may be removed with solvents 
and scale by mechanical or chem- 
ical means. Aluminum and magnesium, 
because of the tendency to oxidize 
readily, require more careful cleaning 
to avoid interference with the welding 
action. Often mechanical cleaning with 
steel wool is satisfactory but for best 
results chemical treatments are re- 
quired, particularly for welding at high 
speeds and/or thin materials. The 
cleaning of magnesium depends some- 
what on the type of alloy and the pre- 
vious surface treatment of it. There- 
fore, recommendations on the cleaning 
of such material may well come from 
the supplier of the metal. Degreasing 
of aluminum alloys should be called 
for on the drawing if the material is 
likely to have oil or grease deposits. 
This should be followed by an acid 
or better yet a caustic nitric hydro- 
fluoric treatment with cold water rinse 
between the treatments and a hot water 
final rinse to speed drying. 

Preparation of materials to receive 
1 coating for chemical or wear-resist- 
int purposes is influenced more by the 
desire to obtain a high purity coating 
than by the difficulty of applying the 
coating to improperly cleaned material. 
While silver coating and hard facing 
may be applied on steel surfaces that 
are not properly cleaned, contamina- 
tion of the coating may result. There- 
fore a pickle etch or grinding opera- 
tion is advisable to remove all oxides 
before application of the coating ma- 
terial. 

In general the cleaning of materials 
preparatory to Heliarc welding follow 


closely the requirements of other meth 
Because of the fact 
that no flux is used in the Heliarc 
process and because less oxidation of 


ods of welding 


the weld surface occurs than with many 
other methods of welding, between 
pass cleaning is omitted altogether or, 
if considered necessary, consists of a 
light brushing with a hand brush. 


The Heliarc 


process allows all- 
position welding, for practical condi 
tions have been developed for the 


- I - . 
production of butt, lap and fillet welds 


in the horizontal, vertical and overhead 
positions. As in other welding proc- 
esses, weld rates are generally higher 
and operator skill requirements less 
severe for welding in the horizontal 
position. savings will 
be realized designs and setups 
that allow as much downhand posi- 
tion welding as possible. Benefits to 
be derived from the mechanization of 


Thus over-all 


with 


the welding procedure in the way of 
speed, uniformity and lower yperator 
skill requirements, affect design only 
indirectly, as for example in cost com- 
parisons of different They 


| What 


will not be discussed furth 
consideration 


methods 


are not generally given 
by designers in arranging for such op 
erations are the following factors: 


1. Uniformity of the work piece ; 


Accurate alignment of edges to 

be WM elded: 
3. Uniform holding pressure of 
work-pieces throughout the length of 


the joint; 

t. Uniform clearance of 
backing members, if required 

As illustrated in joint Type No. 1, 
most metals up to and including +4 
in. can be welded with the Heliarx 
process without filler metal. The weld 
so produced will have a thickness equal 


the base 


contact of 


to or slightly greater than 
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Fig. 4—Distortion from weld penetration can be avoided by designs that provide 





1 relief. 


Fig. 5—Welding an FS-1 magnesium end frame of an aircraft seat in clamp fixture. 
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Fig. 6 
Heliarc welding, welding rods « 


metal provided the edges are tightly 
butted. Although accurately mated 
pieces are supplied, work holding jigs 
or fixtures must also be provided to 
maintain alignment of the edges. In 
this respect the most frequent deficiency 
is the use of clamps that bow when 
clamping pressure is applied. Clamps 
or holddown bars of the simple beam 
type, having pressure exerted on each 
end, will invariably bow slightly so 
that only the ends of the work-pieces 
are pressed firmly together. It is safe 
to say that all such clamping means, 
when used to hold sections longer than 
6 in., should be segmented and the 
segments individually loaded so that 
each segment will apply equal force 
to the material being welded. Some- 
times they should also be hinged so 
that they can accommodate themselves 
to any irregularities of the work. On 
circumferential seams, such as that at- 
taching a bottom to a cylindrical con- 
tainer or that joining two drawn halves 
to form a cylinder, pressure should be 
applied longitudinally to insure con- 
tact of the edges to be welded 

Some type of backing is often benefi- 
cial, particularly for the welding of 
magnesium and aluminum. Care should 
be taken to see that uniform contact 
is obtained between the work and the 
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f the same 


Heliarc welding of an Everdur tank, 8 ft in dia, using Everdur filler rod. In 


material as the base metal may be used. 


backing or a slight clearance provided 
at all points between them. The ad- 
vantage of a backing, where possible, 
is that a less critical welding operation 
prevails, and greater latitude in fit up 
and welding conditions can be tol- 
erated. Copper is a suitable backing 
material for stainless steel because it 
has a high conductivity and is not likely 
to melt in case of burn-through. While 
copper backing may be used on alumi- 
num or magnesium, carbon steel or 
stainless steel having a lower coefficient 
of heat conduction have been more 
satisfactory. 

Joint preparations shown in Types 
5, 6, and 7 may be used for mechanical 
welding by a motor-driven rod-feed- 
ing device. The foregoing discussion 
has referred mostly to those condi- 
tions of mechanical welding of thin 
materials, which have to be held in 
jigs to maintain alignment and pre- 
vent distortion. On many items of 
manufacture that use material in thick- 
nesses of } in. and greater, the plates 
are self-supporting and can be merely 
tacked together prior to mechanically 
welding. It is extremely important in 
making such tacks, however, that they 
be made with the Heliarc process. The 
use of any other sured | of tacking, 
particularly those that use a flux, will 





tend to produce porous spots in the 
finished weld as the consequence of the 
unremoved and entrapped flux in the 
tacks. 

Test work on the physical proper- 
ties of stainless steel to date indicate 
that the weld-joint strength in Grade 
302 may be expected to be 90 to 95 
percent of the base metal in ultimate 
tensile strength. Elongations of from 
48 to 60 percent in the 2 in. gage 
length on bend specimens have been 
obtained. Analysis of the weld metal 
has indicated not only no increase of 
carbon but also, and of particular in- 
terest, that no measurable loss of chro- 
mium, nickel or other alloys occurs. 
It is believed that this retention of 
alloys, ordinarily lost in most welding 
processes, is obtained through the ex- 
cellent protection of the weld puddle 
from the atmosphere by the inert gas 
A further advantage of the Heliarc 
process is that filler rods may be used 
of the same nickel content as the base 
metal to produce a weld joint with a 
composition equivalent to the base 
metal. 

Aluminum alloys of the variety that 
do not respond to heat-treatment when 
welded by the Heliarc process show 
average strengths of the weld equiv- 
alent to the base metal strength in an- 
nealed sheet. Somewhat higher values 
are obtained in the work-hardened 
tempers. The aluminum alloys that 
respond to heat-treatment have ulti- 
mate tensile strengths of from 50 to 
80 percent of the heat-treated condi 
tion. In these alloys the ductility de 
pends upon the alloy and previous 
heat-treatment. The corrosion resist- 
ance of 2S, 3S, and 52S, as measured 
by the salt spray tests, equal the resist- 
ance of the annealed condition, indicat 
ing superior corrosion resistance to that 
obtained by any other fusion welding 
method. Since no flux is required with 
the Heliarc process, there is no danger 
of corrosion from entrapped flux or 
because of the incomplete removal of 
it. The process itself does not impose 
limitations on the selection of rod com- 
position and therefore high purity (2S) 
welding rods can be used where de 
sired for greater corrosion resistance. 

Results of tests in several labora 
tories on Heliarc welded silicon bronze 
(Everdur and Herculoy) show the fol- 
lowing values, depending upon the 
grade of the material: From 62,000 to 
64,000 psi ultimate strength; 23,000 
psi yield point; elongation in 2 in. on 
tensile specimen of 60 percent; bend 
specimens show an elongation of 45 
percent in both the face and reverse 
bend tests. The average impact strength 
in the fusion zone as measured by the 
10 x 7.5 millimeter Charpy impact 
specimen at minus 325 deg F is about 
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35 ft lb in the fusion zone and 26 ft Ib 
in the center of the weld. In addition, 
the weld structure was dense with little 
or no tendency toward forming poros- 
ity and no difficulties from hot-short 
cracking. Standard good practice, in- 
cluding flaring at nozzle connections, 
is recommended to avoid undue stresses 
when fabricating nozzle connections in 
this material. 

Ap pearance of the finished Heliarc 
welds is especially good i in view of the 
fact that no flux is employed and no 
spatter is deposited in the vicinity of 
the weld. Under most conditions of 
Heliarc welding, the protective gas 
serves to prevent the formation of 
heavy oxidation on the surface of the 
weld and, as for instance in stainless 
steel, reddish to purplish oxide tint 
colors are all that remain on the sur- 
face of the weld. Thus cleaning and 
brightening the metal after welding 
is easier with this type than with most 
other types of welding. Easy control 
of the deposit of filler metal provides 
exceptionally good contour control of 
the finished weld shape, thus making 
the removal of the excess welding 
metal unnecessary and decreasing clean- 
ing costs. Cleaning cost is often a 
major factor in the fabrication of stain- 
less steel and other materials used in 
food handling and processing equip- 
ment. Reports from production use 
show a decrease of from 40 to 80 per- 
cent in cleaning costs when using the 
Heliarc process as compared to standard 
netallic arc procedures. 


Cost OF INERT GASES 


To arrive at an approximate idea 
of the actual welding costs of the Heli- 
rc process, the following information 
is given: The major cost is for the 
protective gas used in the process 
Argon is obtainable in high purity 
welding grades at an average price of 
about 10 cents per cu ft and helium 
for about 8 cents per cu ft. Approxi- 
mately 23 to 3 times as much helium 
is required for a given amount of weld- 
ing as is required for the same amount 
of welding with argon. The cost for 
helium may then be expected to be 
from 13 to 2 times as much as that 
for argon. 

The following costs are based upon 
the use of argon and represent ex- 
treme conditions. On the one hand 
thin material, 0.025 in. thick, was 
welded at the rate of 48 in. per min 
at a cost of 50 cents per 100 ft of weld. 
On the other hand, 3 in. thick mate- 
rial was welded at a rate between 2 
and 3 in. per min and costing between 
0 and 30 dollars per 100 ft of weld. 

Tungsten costs vary from about 1 
to 3 percent of the gas cost and power 
costs from about 1 to 5 percent of the 





Fig. 7—Mechanical welding a circumferential seam in 3S half hard aluminum tube 
about 1/16 in. thick. Corrosion resistance of Heliarc welded joints is excellent. 


gas cost, the lower percentage being 
for the light material and the high 
percentage for heavy material. The 
above limiting conditions are for me 
chanical welding of the light materia! 
and for hand welding of the heavy 
material. In general, suitable pro 
cedures have not been completely de 
veloped for mechanical welding of 
n. plate. To compute over-all weld 
ing costs, it is important to know that 
the operating factor, or arc time, aver 
ages between 50 and 60 percent. This 
compares with approximately 40 per 
cent for the metallic arc method, which 
is explained mostly by the fact that 
little or no between pass cleaning is 
required. The amount of gas con- 
sumed will be equal to the hourly rate 
of flow times the arc time plus an al- 
lowance of about 5 to 10 percent. The 
protective gas must not be turned off 
immediately after the arc is extin- 
guished as the tungsten electrode will 
tend to oxidize and deteriorate unless 
the protective gas flow is allowed to 
continue until the electrode cools 


COMPARISON WITH OTHER METHODS 


The discussion has already made 
several comparisons of the Heliarc 
method with other welding methods. 
The major advantages are therefore 
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dealt with on'y briefly at this point 
. 1 ' . ‘ 
Savings are available in the Heliar 


process because welds in thin mate 
rials can be made without filler metal 
Where filler metal is required, bare 
incoated rods can be used. In general, 
less filler metal of a cheaper variety 
can be used than in those processes that 
require flux-coated rods. Losses of rod 
from spatter and flux do not occur in 
the Heliarc process. Costs for cleaning 
between passes and for grinding are 
less than with other processes, the latter 
being reduced by as much as 80 per- 
cent in some Cases. 

High welding rates and the locali 
zation of the heating to the area of 
the weld cause less distortion and avoid 
the straightening expense commonly 
associated with fusion welding, par 
ticularly oxy-acetylene welding of alu 
minum. One aluminum t ank fabricator 
found it possible to reduce welding 
on an 8 ft. diameter, 3 in. girth seam, 
from 11 hours to 2 hours 15 minutes 
by substituting Heliar welding for 
oxyacetylene gas welding. In addition, 
savings were made by complete elimi 
nation of after-straightening and flux 
removal. In another instance, a bus 
manufacturer saved after-sizing and 
straightening when welding in the 
window frames on bus bodies. 
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FIG. 1—Stress-to-rupture curves at 700 C for various British high creep strength steels. 


Alloys for High Creep Strength 


Foreign Abstract condensed from ‘High- 
creep-strength Austenitic Gas - Turbine 
Forgings,” by D. A. Oliver, M.Sc., F.1.M., 
F. Inst. P. and G. T. Harris, M.A., F. 
Inst. P. Presented before the Institute of 
Marine Engineers, London, April 15, 
1947. Published in full in Trans. Inst. 
Mar. Eng., 1947. Vol. 59, No. 5, p. 1. 


[IN ALLOYS mainly used for turbine 
rotors and blades at temperatures up 
to 900 C, high creep-strength is of pri- 
mary importance; the following prop- 
erties are also desirable: 

1) Maximum stress exceeding 30 
tons per sq in. at room temperature. 

2) 0.1 percent proof stress greater 
than 10 tons per sq in. 

3) Percentage elongation (on L = 


4\/A) exceeding 10 percent. 

4) Good hot-fatigue properties. 

5) Freedom from embrittlement or 
other changes taking place after a 
period of operation at the maximum 
working temperature. 

6) Freedom from scaling as a result 
of sulphur attack. 

Table I gives the chemical composi- 
tion of three austenitic gas-turbine 
steels developed by the Research De- 
partment, William Jessop & Sons, Ltd., 
Shefheld, England. 

R.22, which is more scale-resisting 
and less strong at high temperatures 
than G.18B, is used for inlet-nozzle 
blades at temperatures up to 900 






























































FIG. 2—Example of motor composite welded to avoid forging flaws at the center. 
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C. R.20 is used for turbine rotors, 
or at lower temperatures, for blades. 
G.18B is used with great success for 
either blades or rotors. A new alloy, 
Jessop G.32, is now becoming avail- 
able; this has a stress to rupture in 
100 hours at 816 C, of approximately 
12 tons psi, as compared with a figure 
of 6.5 for G.18B. 

For military aircraft an engine work- 
ing-life of 100 hours was considered 
satisfactory, and tests on materials 
extending upwards of 300 hours were 
standardized. For land and marine 
gas-turbines much longer lives are de- 
manded, say 10,000 to 100,000 hours. 
The steels mentioned have been found 
to be suitable for marine and land tur- 
bines, where they will have a longer 
life under a lower operating tempera- 
ture. Fig. 1, showing stress-to-rupture 
curves at 700 C for G.18B, R.20 and 
two 18.8 Cr-Ni steels, one with nio- 
bium additions, indicates that G.18B, 
developed expressly for high creep- 
strength properties over a period of 
300 hr, still maintains its superiority 
over much longer times. The curve 
of cold-worked 18.8 steel with niobium 
additions indicates that short-term re- 
sults cannot reliably be extrapolated 
to give long-term results. 

Gas-turbine rotors may be either 
forged solid from the ingot or built 
up as in Fig. 2, by welding together 
several forgings. Rotors with diame- 
ters up to about 30 in. have been suc- 
cessfully produced, but there is no 
readily apparent reason why larger 
rotors of the built-up type should not 
be developed. 

The production of rotors involves 
problems at all stages of production 
owing to the unusual properties of 





FIG. 3—Typical flaw at center of forging. 
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FIG. 4—Secular changes in cold impact-strength of G.18B steel. FIG. 5—Secular changes in cold elongation (L -4\/ A) G.18B steel. 
Table I— Chemical Composition by Weight Percent (Balance: Fe) 

Alloy C | Mn Si Ni Cr | Co W | Mo | Nb 
ree 03 | og 1.3 14.5 25.0 nil 32 | nil | nil 
Bee. iokwiwoncnsaudeieeon O14 | 0.8 0.3 14.0 19.0 nil nil nil L7 
IE cides a sconttimerdiin 04 | 08 1.0 13.0 13.0 wo | 25 20 | 3.0 

Table Il — Creep Strength tons per sq. in. of G.18B Steel for Specified Strains, Times and Temperatures 
Temperature 650 C 700 C | 750 C 800 C 
Time Strain | 0.1 | 0.5 1.0 | Rupt. | 0.1 0.5 1.0 | Rupt. | 0.1 |] 0.5 | 1.0 | Rupt. 0.1 | 0.5 | 1.0 |Rupt 
hours | percent 
| | 

0 1 914 5% 3.6 | | | 4 0 
300 05 12.3 9.8 | 6.4 | | 5.3 

1.0 16.7 | | 11.5 | | 7.9 | $7 1 

Rupt 18.4 | 13:9 9.4 6.4 

0.1 (9 | | 5 $34 | | 3.9 | 
1000 0.5 10.0 2] | | | 5.9 | 4.8 

1.0 | 14.0 | | 9.3 | | 6.6 | | 1 5.0 | 

Rupt. 16.0 | 13 | 7.4 | 5.6 
0 ] 6% | 44 | pe Q | 7 | 
3000 0.5 | 7.8 | | 6.3 | 1 54 | (414) | 
1.0 | 10.6 8.0 | | | 5.6 | | (4.7 
Rupt | 13.4 | 9 | (9 — —_ |S 

“72 ans =i as es ee 
10,000 0.5 | | | 414 | | | (4.2) | | 

1.0 8) | | 7) | 516) | | 4.4 

Koon || jan | os ee ee CC 
| | | | | | | ' 





the alloys used. An oxidizing process 
is undesirable, and close control of 
temperature both of melting and of 
casting, and of chemical composition, 
is essential. Forging is attended by 
considerable difficulties, and special 
techniques are now used. The detec- 
tion of cavities and porosity in the 
forgings is by a supersonic flaw-de- 
tector, for experience has shown that 
flaws tend to occur at the centre of 
the cross-section of the forged disks, 
Fig. 3. Since tests at room-tempera- 
ture give little indication of the high- 
temperature properties of the steel, 
creep tests lasting from 100 to 300 
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hours are made on test-pieces cut from 
rings trepanned from the surface of 
the forgings. 

In the Jessop Research Department 
preliminary sorting of steels is made 
using specially-designed creep-testing 
units. Promising steels are tested on 
high-precision units. Temperatures 
are controlled to ++} C, and the period 
of test in the past has exceeded six 
months, though longer times may be 
necessary in the future. 

Hot fatigue-strength results on high 
creep-strength steels are also necessary. 
For preliminary sorting tests, a con- 
ventional push-pull or a rotating-beam 


8 


fatigue tester is used. The specimen 
is surrounded by a furnace maintained 
at a constant temperature. Hot fatigue 
results are often given for 40 million 
cycles, but information involving much 
longer tests is required, and much re- 
search is necessary in this direction. 
It has been found that the mechan- 
ical properties of G.18B and R.20 
change with time when they are held 
at an elevated temperature for long 
periods such as 4,000 hours. Figs. 4 
and 5 show the respective effects on 
cold impact strength and cold per- 
centage elongation of G.18B after 
ageing for a given time. Ageing for 
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the temperatures stated causes a reduc- 
tion in both the Izod and elongation 
values until minima are reached after 
some 2,000 hours. It has been found 
that ageing G.18B at 700 C causes a 
decrease in ductility and impact values 
and an increase in proof stress and 
maximum stress. As far as R.20 steel 
is concerned, there is very little change 
in corresponding properties up to an 
ageing time of 1,000 hours. Tests on 
the effect of ageing on the hot fatigue 
strength of G.18B indicate that the 
fall in ductility with ageing is accom- 
panied by a rise and not a fall in hot 
fatigue strength. 

Hot stress-to-rupture tests further 
indicate, Table II, that ductility in- 
creases with time even under the com- 
bined effect of stress and temperature. 

The figures given in this article for 
G.18B were obtained for steel in bar 
form rolled from billets hammercogged 
from the ingot. This steel has under- 
gone considerably more hot-working 
than would be suffered by, say, rotors 
forged direct from the ingot, and is 
likely to be of more uniform structure. 
Since creep-strength is increased with 
temperature of solution treatment, and 
larger disks cannot be solution-treated 
at a sufficiently high temperature be- 
cause of furnace capacity, creep 
strengths of the rim of a rotor forging 
may be only 70-90 percent of the 
properties given for steel in bar form. 

Although comprehensive data for 
actual gas-turbine components are not 
available, the mechanical properties at 
room temperature of four large rotors 
have been recorded in Table _ III 
Tangential and radial test-pieces tre- 
panned from positions near the rim 
give results that show the effect of 
the degree of forging. 

Maximum operating temperatures of 
the rotor and blades at present is in 
the region of 700-750 C. enabling a 
thermal efficiency in excess of 34 per- 
cent. Working temperatures of 850 C 
may be achieved in five years. For 
still higher temperatures, built-up ro- 





TABLE I1I—Percentage Elongation 
at Rupture of G.18B Steel 
(Test Temperature: 700 C) 


Stress Time to Pa 





tons ‘sq in rupture hours} at rupture, 
percent 
19 22 | 7.4 
17 44 | 6.2 
15 145 | 10.2 
12 740 | 12.0 
10 3000 | 15.0 
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TABLE IV—Mechanical Properties of G.18B and R.20 Rotors 
































| 0.1 percent Max stress | Elonga- | Reduction 
| Direction proof stress, tons/ tion, of area, 
Rotor Steel | of test tons/sq in. sq in. percent percent 
1 | GASB | Longitudinal 18.2 42.4 45 50 
| Tangential 16.8 40.0 33 a1 
| Radial —— 42.8 31 31 
|— —|—___— $$ | —___—_. _ 
2 G.18B | Longitudinal 18.8 44.0 41 47 
| Tangential | 17.3 36.8 19 18 
| | Radial | —- 39.4 17 ~~ 
3 | GA8B | Tangential | 17.0 37.2 16 15 
| Radial _—— er 20 18 
+ | R20 | Longitudinal | 13.3 35.2 54 60 
Tangential | 1.7 34.0 41 39 
Radial — 36.1 43 35 











tors may be necessary, and here severe 
welding problems are likely to be en- 
countered. Within the next fifteen 
years working temperatures of 950 C 
may be possible, and to progress 
beyond this, internally-cooled rotors 
may become necessary. 

Britain’s fuel problems may be 
solved in the future by the conversion 


Electronic Micrometer 


From “Electronic Micrometer Using Vari- 
able Mutual Inductance” by M. L. Green- 
ough, National Bureau of Standards, 
presented before Institute of Radio Engi- 
neers, May 5-7, 1947. 


THE THICKNESS OF SHEET METAL, 
paint coatings, oil films, insulation, or 
air gaps, can be measured accurately 
by an electronic micrometer operating 
on the variation of mutual inductance 
between two coils The principle can 
also be used for vibration measure- 
ments for such devices as microphones, 
phonograph pickups, pressure record- 
ers, seismographic instruments and vi- 
bration analyzers. The instrument 
shown in Fig. 1, is accurate within 1 
percent and with suitable multipliers 
displacements of 10 millionths of an 
inch can be measured. 


OPERATING PRINCIPLE. With the pri- 
mary coil in Fig. 2 excited by radio 
frequency current the electromagnetic 
field is exactly cancelled by the field 
of the eddy currents induced in the 
plate. <A secondary or probe coil 
placed just at the surface has no volt- 
age induced in it. If the probe coil 
is moved away from the plate toward 
the exciting coil, an increasing voltage 
is picked up as the probe coil is placed 
closer to the primary coil. The volt- 
age output of the probe coil can then 
be used as an indication of the gap 


of the heat energy generated in atomic 
piles, using the gas-turbine. If this 
is accepted, there is need for high- 
priority research on all aspects of land 
gas-turbines, and it may be prophesied 
that before many years are past the 
most important source of power on 
land, as well as in aircraft and ships, 
will be the gas-turbine. 


Uses Dual Coils 





FIG. 1—Electronic micrometer measures 
thickness of insulation within 1 percent. 
between it and the metal surface. To 
avoid flexible leads, both the exciting 
and probe coils are mounted on one 
form, and the coil assembly moved 
with respect to the metal. The same 
basic principles still apply, but the 
strength of the exciting field is no 
longer constant, since the spacing be- 
tween the primary coil and the plate 
is varied. 

A typical relation between distance 
from probe coils to plate and mutual 
inductance between the two coils, is 
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FIG. 2—Principle of measurement using 
variation of mutual inductance. 
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FIG. 3—Effect of distance from plate on 
self and mutual inductance of the coils. 


shown in Fig. 3. This relation is ap- 
parently linear up to about 5 percent 
of the coil diameter. Linearity to 
within one percent is not difficult to 
secure over this 5 percent range. A 
useful size of probe coil is one inch 
in diameter, permitting linear meas- 
urement up to 0.05 inches. 
Considerable experimental investi- 
gation has been made of the effects 
of geometry of the various coils. The 
characteristic shown in Fig. 3 can be 
made concave upward, linear, or con- 
cave downward. The optimum form 
has been found to be two concentric, 
co-planar coils, one coil having an 
average diameter 70 percent of the 
other. Maximum change of mutual 
coupling for the greatest linear range 
has been secured from this design, see 
Fig. 4. Although it apparently is 
quite different from the original form, 
the operating principles are the same. 
Non-resonant operation is desirable for 
precision applications because of its 
independence of operating frequency 
and coil losses. To keep the resonant 
frequency as high as possible, the 
rectifier is usually mounted directly 
on the coil form. A typical output 
circuit for the micrometer is shown in 
Fig. 5. For some applications, the 
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enhanced output due to resonance at 
the expense of stability is of benefit. 
By resonance, scale factor can be in- 
creased ten or twenty times. 


Circuir. For most uses the coil assem- 
bly is driven by a radio frequency oscil- 
lator, a typical diagram of which is 
shown in Fig. 6. The power genera- 
tion circuit consists of an oscillator at 
3 megacycles, whose output current is 
held constant in amplitude. Since 
current rather than voltage is moni- 
tored, changes in lead length and in 
copper resistance of the primary wind- 
ing will have no effect upon the scale 
factor of the output of the probe coil. 


APPLICATION. The metal itself has 
some influence upon the performance 
of the micrometer. While there is 
still a significant change in mutual in- 
ductance with magnetic material, a 
relatively large initial coupling, and a 
loss in scale factor, are manifested 
Ferromagnetic materials have appre- 
ciable permeability effects at radio fre- 
quencies, so that there is an opposing 
effect superimposed upon the reduc- 
tion in coupling caused by eddy cur- 
rents. As the frequency is increased, 
the performance with ferromagnetic 
materials tends to improve, but non- 
magnetic metals are still preferable. 

Little difference in performance can 
be observed for metal surfaces of non 
magnetic materials normally consid- 
ered as conductors of electricity. Brass 
works equally well as silver, for ex 
ample. At a frequency of 3 mc. the 
metal need only be about 0.001 inch 
thick. What lies underneath this 
layer does not matter, so that a con- 
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venient way to make measurements 
with magnetic materials is to plate on 
a layer of copper or silver, for in- 
stance, to a thickness of 0.001 inch. 

If the metal plate is greater than 
1.5 times the diameter of the larger 
coil, the size of the plate has little 
effect. For most applications, the 
plate should not be smaller than the 
coil. A hole in the center of the plate 
is not particularly detrimental to per- 
formance where lightness of the plate 
or vane 1s important. 

If the surface of the metal is curved, 
the indicated reading is to an average 
distance. The initial mutual coupling 
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FIG. 4—Cross section of probe coil form. 
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FIG. 5—Typical basic type of output circuit. 
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FIG. 6—Complete circuit diagram for electronic micrometer with values for components. 
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is larger, so that more buckout is re- 
quired, but incremental readings are 
very nearly the same as for a flat plate. 
There is no necessity to match the end 
of the probe form to the shape of the 
surface, as would be the case in 
Capacitive micrometers. The useful 
linear range is reduced, however, be- 
cause part of the effective surface of 
the metal is at a greater distance from 
the end of the coil form. 

Some measurements have been made 
with the micrometer to examine the 
effect of placing materials of various 
dielectric constants between the probe 
coil form and the metal. This is the 
normal way of measuring the thick- 
ness of insulators. Any error present 
due to dielectric constant is so smal! 
as to be within the accuracy of the 
instrument. As far as has been deter- 
mined materials making very poor 
condensers at radio frequencies (tap 
water, for instance) give the same in- 
dication as an air gap of the same 
amount. 

The device gives a high level d-c or 
a-c voltage linearly proportional to the 
spacing between the end of a coil form 
and a non-magnetic metal plate, for 
distances up to 5 percent of the diame- 
ter of the form. The form diameter 
may be anything from } inch up. The 
metal surface needs to be at least equal 
to the coil diameter, 0.001 inch thick. 
and does not require any electrical 
connection to it. The metal surface 
may be tilted or curved; the indication 
given is an average distance. 

One obvious application is for meas- 
uring paint or varnish film thickness 
on airplane skin. The sheet aluminum 
skin would be the necessary metal 
backing. In practice, the end of the 
probe coil form would be held directly 
against the painted surface. 

When mounted on a bearing, the 
probe could be made to give an indica- 
tion of the lubricating film thickness. 
Here the backing metal would be the 
shaft itself. It should be possible to 
examine the shaft vibration by this 
system: the information could be pre- 
sented directly on a cathode ray tube. 

A pressure indicator may be made by 


mounting probe in back of a di 
aphragm. As an interesting demonstra 


tion of this. a microphone was set up, 
feeding an audio amplifier. 

An application may be in phono- 
graph pickups. In a superheterodyne 
receiver, the local oscillator could ex- 
cite the primary coil, while the sec- 
ondary RF voltage could be rectified 
by a 1N34 germanium diode and fed 
to the audio amplifier. 

For seismographic instruments, the 
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probe could be made to furnish an in- 
dication of ground movements. An 
accelerometer could be made by de- 
tecting the motion of a suitably damped 
pendulum. The output of both of 
these devices might be plotted on a 
fast-response recording meter. 

An industrial application of the prin- 
ciples of the electronic micrometer 
should be in the measurement of sheet 
metal thickness. Two micrometer 
probes are mounted a known distance 
apart, with the metal passing between 
them. Each probe gives an indication 
of the distance between itself and the 
nearer metal surface. The sum of the 


Toughness of Forgings 


From “Toughness and Strength Beyond 
Requirements for Normal Service” in 
Drop Forging Topics published by the 
Drop Forging Association, Cleveland, 
Ohio, Vol. II, No. 4, 1947. 


FORGINGS are inherently tougher than 
metal parts produced by many other 
manufacturing methods because of the 
nature of their design, working of the 
metal in the hot-forged condition, di- 
rection of grain flow, and concentra- 
tion of fiber-like structure. 

Toughness is defined as the “give 
and take” quality of a material. In 
engineering terms toughness is the 
‘measure of the total energy-absorbing 
capacity of a metal, including both 
elastic and plastic deformation . . . and 
shows some relationship to impact 
strength or resistance to shock loads.” 
For many parts such as railroad car 
couplers, side frames, draft rigging, 
buffer devices, crane hooks and chains, 
toughness permits the retention of con- 
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two readings falls short of the initial 
separation by the thickness of the 
metal. In an actual instrument, the 
necessary addition and _ subtraction 
would be performed electrically so as 
to furnish a direct indication of metal 
thickness. 

The electronic micrometer was de- 
veloped in connection with projects for 
the Navy Department, Bureau of Ships, 
in the Electronic Instrumentation Labo 
ratory of the Bureau of Standards. A 
patent application has been taken out 
in the name of the United States Gov- 
ernment and will be made available to 
industry without charge. 


siderable strength under distortion 
from shock loads. 

The energy-absorbing capacity of 
several commonly used materials is 
shown in Fig. 1 as the area under the 
stress-strain curve. These curves il- 
lustrate the fact that a brittle material 
may be stronger than a tough ma 
terial, but may fail under impact loads 
because its energy-absorption charac- 
teristics are not as good. Alloy steel 
has greater elastic resistance than low 
carbon steel, but low carbon steel de- 
forms more under load and can absorb 
more energy before complete rupture. 
Consequently, low carbon steel may be 
as suitable as alloy steel for members 
subjected to shock loads. Similarly, 
Class No. 20 gray cast iron is three 
times as strong as oak; but oak will 
stretch nine times as much as cast iron, 
and, as a result can absorb about three 
times as much energy—hence, it is a 
tougher material. 

The degree to which some forgings 
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Low carbon compares favorably with alloy steel 
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Table I—Typical Physical Properties for Forged Parts 


























Izod 
Impact 
Tensile Yield Elonga- | Reduction Test 
Material or Strength, Point, tion, of Area, | Hardness, | Value,* 
SAE Number Ib/sq in. | lb/sqin. | percent percent BHN ft-lb 
SAE-3140, 4140 125 ,000 100 ,000 18 50 269 to 302 50 
or NE-8740 Steel 
SAE4340 Steel 135 ,000 120,000 18 50 286 to 311 50 
SAE-1045 (or other 95,000 | 65,000 20 50 | 207 to 247 30 
plain carbon steel) | | | 





* Impact values may be incorporated with physical properties in specifications for mate- 


rials. 


Figures in this table are approximate for illustrative purposes only. 


It is recom- 


mended that impact values should be kept as generous as possible (lower values) because of 
the remarkable sensitivity of impact tests. Impact values should be designated as to whether 


Charpy or Izod test is being specified. 








FIG. 2—Drop forged connecting rod twisted 


cold indicates energy absorbing ability 


may be deformed without rupture is 
shown by the photograph of a con- 
necting rod, shown in Fig. 2, that has 
been twisted deliberately to check its 
‘toughness. Although no connecting 


Comparison of 
Low Pressure Laminates 


From “Low-Pressure Laminates in Com- 
petition,” by James W. Greig, Woodall 
Industries, Inc. Presented January 24, 
1947, at the Low Pressure Industries 
meeting of the Society of the Plastics In- 
dustry, Chicago, Illinois. 

IN THE ACCOMPANYING TABLE, Group 
l resins allow decorative laminates to 
be made at low pressure. These decora- 
tive paper laminates have been lami- 
nated to supporting structures. They 


rod is loaded in this manner, the test 
demonstrates the ability of hot-forged 
parts to take a great deal of punish- 
ment before failure. 

Notch-bar impact tests are consid- 
ered also by many as an indication of 
toughness; but there is some disagree- 
ment as to the method of interpreting 
impact tests as a measure of tough- 
ness. Nevertheless, there is an in- 
creasing tendency to include impact 
values in specifications; particularly if 
toughness is an important factor. How- 
ever, care must be exercised, in specify- 
ing Izod or Charpy impact values in 
specifications. Tensile test results may 
be within specifications, but impact 
test values may be below the mini- 
mum’s specified; particularly if there 
is any lack of uniformity in heat treat- 
ment. Table I shows typical specifica- 
tions for the physical properties of 
steels used by a large forging com- 
pany. The impact value is included 
as a further check on the toughness 
of the product. Note that lower mini- 
mum impact values are specified for 
SAE 1045 and similar low carbon 
steels than for the alloy steels, because 
low carbon steels do not respond as 
thoroughly to heat treatment as alloy 
steels treated under routine conditions. 


have been made flat or used with 
straight bends. Their lack of impact 
has limited their application unless so 
used. If good strength and high im- 
pact could be combined with their 
decorative qualities, new uses would 
be immediately available. 

Group 2 utilizes a different tech- 
nique of processing. This may make 
possible worthwhile savings. The 
product has the same appearance pos- 
sible with Group 1 decorative lami- 
nates. Paper and cloths of many 
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colors can be produced continuously 
in varying thicknesses up to +g in. in 
almost endless sizes. The laminates 
are practically free from warp and 
will diecut and pierce much more 
easily than the decorative laminates 
in Group 1. 

Group 3, the flexible type, offers en- 
tirely new fields for decorative lami- 
nates, but it is not yet available in 
production quantities. This material 
will be competitive with the vinyl- 
coated fabrics; but because it is a ther- 
mosetting resin, it has many superior 
qualities. Indications are that its cost 
will be less. 

Group 4, thermoplastic laminates, 
have been developed experimentally 
and on pilot equipment Thermo- 
plastic laminates seem to have qualities 
that do not exist in any of the other 
groups. They are rigid yet tough; 
they are hard, have good wear resist- 
ance and non-shattering characteris- 
Because of their inherent decora- 
tive qualities and the fact that they 
can be handled similar to sheet steel, 
they can be formed from flat sheets 
to most any required shape. The type 
of core material must be such that the 
resin will bond completely through 
the material; and it must have stretch- 
ing qualities if it is to be formed. With 
decorative core material, the product 
is finished when it comes from the 
forming press, obviating further sur. 
face embellishment. 


t1CS. 


Low Pressure Laminates 


Low PressurE REsSINa 


Phenolics 
Ureas 
Melamine 


Group 1 
Thermosetting 
(Dry Laminating 

Group 2 

Thermosetting 

(Wet Laminating 


Polyesters 


Group 3 
Flexible 


setting 


Thermo- Polyesters 


Group 4 

Thermoplastic Polystyrene 
Cellulose Acecate 
Ethyl! Cellulose 
Cellulose Butyrate 
Methacrylate 
Vinyl 


Cort 


MATERIALS 


Vegetable hber 
Cotton cloth mat or felt 
Glass cloth Glass hber mat or 
Synthetic fiber felt 

cloth 


Paper 
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Fig. 2—Mechanical 


large structural members. Sensitivity 


lever system with switches for indicating four levels of stress in 
and accuracy 


are derived from long gage length 


Recording Stress Leve 


R. C. WALKER and J. H. MEIER 


Engineer, Research Engineer 
Bucyrus-Erie Company 


THE STRESS LEVEL GAGE here des- 
cribed was developed for permanent 
installation on large structures, parti- 
cularly on booms of big stripping 
draglines and shovels, Fig. 1. The 
purpose of the gage is to record over 
long periods of operation the stresses 
that result from loads on structural 
members. To facilitate analysis, the 
system records directly the number of 
times certain stress levels are reached. 
For the purpose of the original devel- 
opment, four stress levels were con- 
sidered satisfactory. 

The principal requirements desired 
in the strain gages includes: 

1. Means for yielding signals for 
tour stress levels. The signals being 
desired as long as the stress is greater 
than the respective levels. The signals 
to be sufficiently powerful to operate 
solenoid-operated counters, recording 
instruments, and signaling devices. 

>. High accuracy and good stability 
over long periods of time. 
calibration, maximum 
minimum — of 


3. Ease of 
foolproofness, and 
maintenance. 


PRINCIPLE OF OPERATION. Magnetic 
strain gages have been used on perm- 
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anent installations. But the electronic 
tubes employed for amplification of 
the signals are sometimes damaged by 
vibration. The manufacturers of this 
type of gage felt, therefore, that it 
would not be suitable for use on ex- 
cavating machinery. 

A mechanical linkage that included 
Micro-Switches, Fig. 2, was decided 
upon to fulfill the exacting require- 
ments. The assembly consists of four 
primary components: Reference rod, 
lever arm, spring, and switches. The 
reference rod, being kept under 
essentially constant tension by means 
of the spring, remains at a fixed 
length. As the structure to which the 
gage is attached undergoes compres- 
sion, the lever arm moves towards the 
switches and screws on the arm engage 
the corresponding switches when the 
stress reaches the calibration value. 
DESIGN FEATURES. To maintain a 
high natural frequency of the system 
and thus reduce the effect of vibration 
within the strain gage itself, the 
mechanical linkage system is designed 
to have a gain of only Sensitivity 
and accuracy are derived from long 
gage length. A gage length of 120 
in. was found to be entirely practical, 


since the stress gradients are low in 
the large structural members under 


consideration. 


2 
and a 3 in. 


With this gage length 
dia reference rod, the 
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natural frequency is above 500 cps, 
which is substantially higher than the 
vibration frequencies expected in large 
structures. 

The gage length is defined accur- 
ately by the position of the brackets 
carrying the gage box and the anchor 
end of the reference rod. In the design 
shown in Fig. 2, the position of the 
reference rod was chosen so as to come 
as close as possible to the center of 
gravity of a rolled T-section to which 
the stress level gage was to be fastened. 
Since the reference rod is a tension 
member, only a small cross-section 1s 
required, which facilitates alignment. 
One end of the reference rod is con- 
nected to the lever arm by an aircraft 
reachrod end. The far end of the 
reference rod is anchored by a spheri- 
cal nut resting in a ground seat. The 
reference rod is supported and pro- 
tected by a pipe that can slide in the 
intermediate supports and a sleeve at 
the anchor end. 


Pivoted on sealed ball bearings, the 


lever arm = carries five 
screws, four of which engage the 
switches. The other screw runs 
against a stop (primarily for protec- 
tion of the switches during assembly). 
When this safety stop becomes en- 
gaged, separation occurs at the spheri 
cal seat to prevent buckling the 
reference rod. 
The positive 


adjustment 


snap-action of the 
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th. 








Stress level gage with 60 in. 
shovel. Front plate, carrying the 


Fig. 3 


Gage 


switches prevents contact chatter when 
the stress level approaches the calibra- 
tion value. The front plate, carrying 
the switches and plug receptacles, is 
readily removed for servicing. Her- 
netically sealed switches, capable of 
least twenty operations per second, 
are employed and all vital parts are 
protected for use on open structures 
under adverse climatic conditions. 


SENSITIVITY, ACCURACY AND CALI- 
BRATION. With tbe 120 in. gage 
length and the gain of 4 in the 
mechanical lever system, the relative 
motion of the adjustment screws per 
1,000 psi stress in steel is 


1.000 X 120 X 4 cm 
petal = =3 ().016 in. 
30,000,000 





Repeat accuracy of the switches is 
in the order of 0.001 in., so that 
equivalent consistency of operation 1s 

ter than 100 psi. The minimum 
overtravel of the switches is 7/32 in., 
which allows a stress range of 13,000 
psi between the operating points of 
the first and the last switch. This 
range can be increased at the expense 
of sensitivity, by choosing a shorter 
rage length. Experience with a 60 in. 
gage length, Fig. 3, was very  satis- 

tory. 

The degree of accuracy of the me- 
hanical linkage is high. This ac- 


gage length installed on boom of large 
switches and plug 





stripping 


receptacles, is readily removed 


curacy results from the small number 
of moving parts and the constant load 
on the system provided by the spring. 
Temperature effects are minimized by 
making the reference rod of the same 
material as the structure under test 

When calculating the length of ga» 
between the switches and the adjustin.” 
screws, to correspond with the stress 
levels to be indicated, allowance is 
made for the dead-weight stress of the 
structure for the position in which 
calibration is to be made. The spher: 
cal nut at the anchor end of the refer 
ence rod is used for the rough adjust 


ment. Final adjustment is obtained 
by setting the screws engaging the 
switches. Flat tapered calibration 


wedges are used to check the setting. 

When it is desired to observe ten 
sion stresses, calibration shims 0.250 
in. thick are temporarily inserted be 
tween the main strain gage box and 
the front plate carrying the switches. 
The shim thickness, 0.250 in., is then 
added to the calculated gap settings 
(deviations from dead-weight stresses 
are negative for tension, but become 
positive by this addition), and the 
calibration is carried out in the usual 
manner. The shims are removed after 
calibration, and the front plate is 
pulled tight against the main box. The 
switches thus become depressed, and 
are released when sufficient tension 
stress is developed in the structure. By 
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B 





Fig. 4—(A) 


Front 
(B) Gage box with the top cover removed. 


plate and = switches 


® Correlates stress levels in structures with phases of operation. 


@ System indicates levels of either compression or tension stress. 


using the normally closed connection 
of the switches, contact is made when 
the tension reaches the cali- 
bration value. The signal is then the 
same as in compression measurement, 
where normally open switch connec- 
tions are employed. 


stress 


EQUIPMENT 
GAGES. 


OPERATED BY STRAIN 
Normally, each level of each 
gage operates a solenoid counter that 
records total number of times that the 
respective stress level is reached. 
Interlocking relay circuits have been 
used to operate counters that record 
the number of times any two stress 
levels at different locations are reached 
simultaneously. When ‘sim 
ultaneous stresses’ are recorded from 
two gage sections located symmetrical- 


such 


ly with respect to the axis of a drag- 
line boom, it is possible to differentiate 
between axial compression and _ side- 
bending of the boom. 

To obtain a completely detailed rec- 
ord of the occurrence of stress, an 
Esterline-Angus Graphic Operation 
recorder has been connected to the 
strain gages This instrument pro 
vided an easy way of determining the 
time at which 

Correlation between the reaching of 
certain stress levels and phases of oper 
ation is readily established by optical 
or acoustical signalling devices operated 
by the strain gayes 


ertain stresses occurred. 
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Fig. 1—Initial portion of acceleration-time and displacement-time Fig. 2 
curves for a single plane of motion, idealized. The effect of good 
damping capacity is evident in the shock mounted equipment. 


Shematic arrangement 
using the piezo electric effect to measure a shock acceleration 
through the increase of force on the crystal faces. 


f Westinghouse accelerometer 


Designing tor Shock Resistance 


GEERT BELING 
tlectric Control Engineering Section, 
Allis-Chalmers Mfg. Company 


THE PROBLEMS OF DESIGNING against 
damage or temporary failure to operate 
because of shock were given little con- 
sideration prior to World War II. 
During the war the Navy sponsored 
several projects for shock studies and 
the development of shock-resistant 
equipment. Many of the design lessons 
learned can be of value to designers 
of all types of peacetime equipment 
subject to moderate shock. This is 
particularly true of items for the rail- 
road, automotive and construction in- 
dustries. Experience has taught that 
much equipment can be built to be 
relatively shock proof for only a slight 
increase in cost, simply by observing 
a few fundamental rules in the early 
lesign stages. 


NATURE OF SHOCK 


Impact or shock can be explained as 
a form of vibration caused by the sud- 
den application of force. Vibration 
generally encountered is excited by 
relatively small forces, usually con- 
tinuous, such as power impulses of a 
prime mover. These impulses cause a 
sinusoidal wave motion in the object 
that will eventually fatigue members 
and cause failure, particularly if the 


140 


vibrations are in the resonant frequency 
range. 

Shock, however, is the effect of a 
large force applied suddenly for a short 
time interval. It results in a high ac- 
celeration or change in direction of the 
object. Shock displacement is usually 
not a simple sinusoidal function. Gen- 
erally, a large amplitude vibration is 
excited suddenly and is damped in 
about a half a dozen cycles. Although 
steady state vibration does not persist, 
it can be shown mathematically that 
there is a possibility of resonance, or 
of vibration building up in resiliently- 
mounted apparatus. 

When this sudden force is applied 
to a structure of various components, 
a high acceleration rate is imparted to 
the members. It is likely that the mem- 
bers will accelerate in different magni- 
tudes. Parts do not behave as rigid 
bodies. Waves of stress and motion 
radiate through the system. Some of 
the energy is stored and then reflected, 
some is dissipated. Failure of equip- 
ment may then occur in various ways: 

1. Elastic limits of individual mem- 
bers of the structure may be exceeded. 

2. Ultimate strengths of members 
of the structure may be exceeded. 

3. Collision of different parts in a 
structure may occur because of differ- 
ence in rate of acceleration and con- 
sequent relative displacements. 

i. Faulty operation of electrical 


components may occur. 

5. Mechanical linkages may become 
misaligned and inoperative. 

The amount of shock caused by any 
blow is dependent on the force applied 
and the speed of application. Because 
some of the forces are absorbed by 
the mounting of the body, it is difh- 
cult to determine its effective value 
Shock can be described best in terms 
of the acceleration and displacement it 
causes in the body. Any shock can be 
completely described in terms of ac: 
celeration-time, or displacement-time 
curves for the three dimensions. Ideal 
ized acceleration-time and displace: 
ment-time curves for a single plane of 
motion are shown in Fig. 1. The ef- 
fects of good damping capacity in the 
mounting of the body are illustrated 
The shock mount reduces acceleration 
of its equipment to approximately 15 
percent of that of the unmounted 
equipment. 

These different shocks produced by 
the same force emphasize the need 
for shock testing complete assemblies 
Equipment to resist shock should be 
designed only after tests of complete 
assemblies under service type shocks 
Tests of components are not satisfac- 
tory. Often the change in frequen- 
cies and increased damping capacity 
brought about by mounting several 
non-shock-proof subassemblies into one 
unit, results in a shock-proof assembly 
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Fig. 3—A typical acceleration detector record. 
500 times gravity per inch. 
second. 


@ Shock measurement, shock testing and material considerations. 


The timing wave is 60 cycles per 
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Fig. 4—Displacement curve made by a frame-by-frame analysis of 
a high speed motion picture study. 


@® Four methods for shock proofing are compared and design procedure outlined. 


Although design computations are 
as complete as possible and proper 
safety allowances are made, the shock 
weaknesses of a construction often can- 
not be foreseen. Under high impact 
shock the various unknowns may cause 
hardware to break, covers to open, 
panels to split, wiring to rip off, con- 
tact switches to open or close, castings 
and moldings to crack, or in extreme 
ases, an entire device may fly apart as 
if exploding. 


SHOCK TESTING 


Shock-testing machines are either 
swinging hammer or drop-weight de- 
vices having mounting arrangements 
that permit testing in various planes. 
Capacities range from small units 
capable of a 200 to 400 ft-lb blow to 
the largest machine, which has an 
18,000 ft-lb striking force. 

Methods for the measurement of 
the acceleration and displacement oc- 
curring during a shock test cycle have 
not been perfected. The most satisfac- 
tory measuring devices are quartz 
crystal accelerometers, high speed mo- 
tion picture cameras and wire strain 
gages. 

Principle of the quartz crystal ac- 
celerometer is shown in Fig. 2. The 
accelerometer is mounted rigidly to 
he body being tested. Because of piezo 
electric effects a change in the force 
holding the crystals together causes an 


ot 


electric charge to build up on the 
crystal faces. The amount of electric 
charge is proportional to the change in 
force and therefore is proportional to 
the acceleration. Fig. 3 shows a typical 
record. 

The accuracy of measurement by the 
accelerometer is dependent on the ac- 
curacy of the necessary auxiliary elec- 
trical apparatus. The principal sources 
of error in acceleration measurements 
are zero shifts in the accelerometer, 
phase shifts in the filter circuit and the 
non-recording of accelerations off the 
axis of the accelerometer. 

High speed motion pictures, taken 
at speeds up to 3,000 frames per sec 
provide the best method of obtaining 
displacement-time curves as well as an 
understanding of the motion and dis- 
tortion occurring during shock. How- 
ever, the necessary frame-by-frame 
study of the completed film is a tedious 
job. The displacement-time curves in 
Fig. 4 were obtained from a study of 
high speed motion pictures. 

The simplest and cheapest method 
of obtaining a time-displacement curve 
is to use a rotating drum with stylus 
attached to the member under test. 

Wire strain gages are used in the 
same manner as in ordinary stress and 
strain measurement work. They re- 
quire almost the same auxiliary equip- 
ment as the quartz crystal accelerom- 
eter. No filter is used; therefore 
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there are no difficulties with phase 
shifts in the filter circuit. 

Many special devices are used to 
measure particular quantities. These 
include mass springs, mass plugs and 
impact gages to determine peak ac- 
celeration; various types of velocity 
meters; and rotating drum and metal- 
lic lead displacement gages. 


METHODS OF SHOCK PROOFING 


The first and most obvious protec- 
tion against shock is to mount equip- 
ment on rubber. Rubber mountings 
still are used on small electronic com- 
ponents and other lightweight and 
delicate equipment. But for severe 
shocks and heavy equipment, rubber is 
not satisfactory. The rubber mount- 
ings are compressed beyond the point 
of resiliency and then act as a solid 
mounting, offering no shock protec- 
tion. Furthermore, the thickness of 
the rubber is limited by space and 
economic considerations, as well as by 
a loss of mounting stability under nor- 
mal use. Rubber mountings obviously 
are not the answer for many designs 

A second method of building equip- 
ment to withstand shock found Vide 
use early in the war. This is the 
method of utilizing inertia interlocks, 
thus making it possible to modify 
many standard control devices so that 
they will not be operated by severe 
blows. Fig. 5 is a sketch of a standard 
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in a typical magnetic contactor by a latch 
which closes because of weight’s inertia. 
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Fig. 7—By splitting a magnetic clapper 
into two parts and linking them mechanic- 
ally a static balance can be achieved. 


vertical contactor with an inertia in- 
terlocking device. The weight is placed 
so that any shock tending to drop out 
the contactor when it is in the closed 
position, or to close the contactor from 
the open position, moves the weight 
from its free position, so that it blocks 
any movement of the contactor ele- 
ment. This method has proved fairly 
successful, although the adjustment of 
the interlock spring tension 1s quite 
critical in many cases. Another disad- 
vantage is that such devices will with- 
stand severe shock, but sometimes less 
severe shocks accelerate the control 
without moving the interlock sufh- 
ciently to prevent false operation. 

A more promising method of shock 
proofing is by positive mechanical 
wedging or locking. This takes in a 
wide variety of possibilities, such as 
cam operated switches where shock 
forces on the contacting member do 
not cause any reaction that will turn 
the operating cam when it is in either 
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Fig. 6—Cam-type devices are normally safe against operation by shock since the contacts 
are locked in position by positive locking or high friction. 





Fig. 8—A simple counterweight roller bal- 
ances the thrust of a shock from the direc- 
tion of the base on this push button station. 


the open or closed position. Fig. 6 
shows such a contactor on test. 

Another method of locking has been 
used on Diesel engine starting contac- 
tors to prevent the contacts from bounc- 
ing closed under shock. Small, light, 
iron levers are held in place by springs 
in the air gap between the magnet 
armature and yoke. When the magnet 
is energized, the levers quickly pull 
out of the way because of their low 
inertia. This enables the armature to 
pull in, thus closing the contacts. 

The best method of shock proofing 
is by “balanced” design. This calls 
for designing all mechanisms so that 
parts that move when the device is 
operated are statically balanced in all 
the planes in which shock thrust takes 
place. This requires that each moving 
part be statically balanced about the 
pivot point, or it must be interlinked 
with another part for reactive accelera- 
tion balance. Then a shock that tends 
to move part of the linkage in a direc- 


By linking two unbalanced pus! 
buttons together, a balanced push button sta- 
tion is achieved. 


Fig. 9 


tion will, at the same instant, put an 
equal and opposite reaction on that 
part through accelerating forces on the 
members to which the part is linked 
Fig. 7 shows the magnet structure of 
a contactor based on the balanced de 
sign principle. The clappers on the 
magnet structure are linked together 
so that while each clapper is not bal 
anced of itself, the entire linkage 1s 
balanced. 

In Fig. 8 the push button element 
has a swinging weight on the end of 
an arm to counterbalance the weight 
of the button and its shank. The in- 
side of a maintaining push button sta 
tion is shown in Fig. 9. Here two of 
these elements are linked together and 
equipped with a throw-over spring. The 
heavy counterweights are omitted bé 
cause the two elements balance each 
other. 

Balanced design often requires more 
space, particularly where a moving el 
ment must be split up into two oppos- 
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ing members or where counterweights 
must be added. Balanced design, 
where practical, is the most satisfactory 
shock proofing construction for control. 

A second phase of shock proofing is 
the application of shock-resistant mate- 
rials. There is little advantage in mak- 
ing a contactor arm statically balanced 
so that a shock will not cause it to 
swing, if the arm material fails in 
shear under the stress from its own 
vastly increased weight during shock 
acceleration. 

This problem frequently occurs on 
some of the more common plastics. 
Slate and ebony asbestos have been 
replaced by canvas-base phenolic or 
glass melamine panels. Glass mela- 
mine, however, lacks the shock-cush- 
ioning effect of phenolics. A number 
of plastic materials have been devel- 
oped for high-impact strength. Some 
of these are now standard and avail- 
able in sheets and stock shapes and for 
molding. 

In general, laminated base plastics 
have greater impact resistance than 
molded materials. The importance of 
selecting the proper plastics can be ap- 
preciated by study of Table 1. Two 
typical plastics made by one manufac- 
turer are compared. Although the one 
on the left has greater tensile and 
structural strength, it would obviously 
fail in shock because of the low Izod 
impact test strength. 

In the metals, castings are definitely 
less satisfactory than weldments. Cast 
iron is a particularly vulnerable mate- 
rial. The designer must remember that 
ductility and impact strength are more 
important qualities for shock resist- 
ance than tensile or flexural strength. 

Fig. 10 pictures a standard industrial 
centrifugal pump housing fabricated 
from cast iron. The picture was taken 
after a 4,500 ft-lb blow had been deliv- 
ered to a test table having a 3 in. travel. 
After the design was changed to cast 
steel, the housing withstood shock 
tests satisfactorily. 

Heavy equipment such as large gen- 
erators, motors and turbines need not 
be shock proofed. Their mass offers 


sufficient shock-deadening effect. 

Panels, particularly large panels, 
are another problem. Thin panels may 
have a tendency to bend, vibrating like 
a drum head. Many controls and in- 
struments will fail if the mounting 
panel is not sufficiently stiff under 
shock. Apparatus mounted on such 
panels may then be distorted or broken. 
Sometimes a heavier panel is an ade- 
quate correction. Large mounting holes 
on panels cannot be placed close to 
each other. The holes must be kept in 
some distance from the edge of the 
panel and no series of holes should be 
placed in a line where shock might 
cause a failure. 


DESIGN PROCEDURE 


To evolve a good shock-proof de- 
sign the engineer can ask himself these 
questions: 

1. How much of a shock-proofing 
job is required? Will the shock come 
from all directions? If the device has 
electrical, hydraulic, pneumatic, or me- 
chanical linkages, must there be proof 
against false operation in all positions, 
or only in one? 

2. If the unit is small, will a simple 
rubber mounting handle the shock? 

3. If further shock proofing is re- 
quired, which of the four methods will 
be most satisfactory ? 

4. Have dimensions been kept as 
small as possible? Are the lever arm 
lengths about any pivot reduced to the 
minimum / 

5. Has weight been kept to a mini- 
mum by the design shape? Can weight 
be reduced by specifying a different 
material ? 

6. Has the weight on arms some dis- 
tance from mounting points or pivots 
been kept to the minimum ? 

Once a model is designed and built, 
the remaining points of weakness 
should be analyzed through high-speed 
motion pictures or other strain meas- 
uring equipment. Then the strength 
can be increased in critical areas. Some- 
times the effective procedure is to 
change to a material with greater shear 
or tensile strength. 





Table I—Comparison of Two Typical Plastics from One Manufacturer 
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} in. pump housing of 
cast iron is brittle under the terrific force of 
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high impact shock. In test practice, observa- 
tion in the laboratory is made through shat- 
terproof windows because of the danger of 
high speed flying parts 


Experience through trial-and-error 
testing has proved to be the most reli- 
able guide. Calculations based on anal 
ysis of shock waves, their distribution 
and on rate of damping are too com- 
plicated for most cases. It is true that 
an understanding of the mathematics 
and theory of vibration is essential to 
engineers working on important shock 
proof designs, but every project should 
be shock tested in final design stages. 





High Pressure Equipment 


MUCH INFORMATION on the designs 
and materials used in Germany for the 
construction of industrial and research 
equipment for pressures above 300 
atm has been uncovered by personal 
talks with members of ten large Ger- 
man companies. Included in a report, 
prepared by OTS investigator P. G. 
Reynolds, are formulas used in calcu- 
lating wall thickness, analysis of physi- 
cal properties of steel used and draw- 
ings of high pressure vessels. 

The bulk of the German high pres- 
sure equipment was designed for pres- 
sures of 325 or 700 atmospheres. The 
700 atm equipment has a_ safety 
factor of 1.6 between the inside stress 
at the operating pressure and the 
stress causing permanent deformation 
of the metal. 





| 
A ry meg | M q CFI Orders for the report (PB-81280; 
loo ‘lour Base) (Meets Navv C.F.I. “ae sty ‘ ~~ 7 : > 

(BM-120) | £ 20 Specs.) (BM.3510 Survey of High Pressure Equipment 
—~ cidade eee chia eases a Designs in Germany”, mimeographed, 
; $1, 39 pages) should be addressed to 
os I, Strength. siecen MRLs 7 ,500 psi 6,500 psi _ the Office of Technical Services, Dept. 
hn... T0n 10". c= si of Commerce, Washington 25, D. C., 
Speci Gravity. Sia ay 135 1 38 and should be accompanied by check 
Flexural Strength...............-- 10,000 psi 9,000 psi or money order, payable to the Treas- 

— urer of the United States 
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Fig. 1—Polyphase wormgear reducer motor driving metering pump 
to give controlled intermittent impulse hone expansion on machine. 
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Fig. 2—Two non-reducer polyphase motors and two wormgear fe- 
ducer polyphase motors are used on this automatic grinding machine 


Applying Special Small Motors 


For Powering Engineered Products 


H. M. FULMER 


Bodine Electric Company 


Often, one or more special small motors are essential for best overall performance 
of a product. Operating requirements, mechanical and electrical limitations and 
suitability of motor characteristics for the particular application often decide 
which of the different types of special small motors such as polyphase, induc- 
tion, split-phase, synchronous, shaded-pole, and capacitor motors are applied. 


SPECIAL SMALL MOTORS are increas- 
ingly being used in many applications 
because often they lower the cost of the 
final product or net greater user satis- 
faction. Because special motors cost 
more, they only should be used instead 
of standard types when they make pos- 
sible better or more economical design, 
improved efficiency, simplified assem- 
bly, or other benefits that enable them 
to pay their own way. 

The right selection and use of special 
motors is peculiarly dependent upon 
close collaboration of the product de- 
signer and the motor manufacturer. 
Teamwork in application is vy amend 
important as the requirements ecome 
more special and as the motor gets 
smaller. Special small motors require 
precise design to obtain the last ounce 
of output at a low power consumption 
to keep the temperature rise within 
safe limits. Frictional losses in small 
motors must be kept low since such 
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losses are a big percentage of their out- 
put. Consequently, for applications that 
require “motoring-close-to-the-job,” a 
full exchange of information is essen- 
tial for best overall performance of the 
final device, product, or machine. 


APPLICATION DATA ESSENTIAL 


When a new product is in an experi- 
mental or secret stage, it is possible for 
the motor designer to apply the right 
special motor without knowing the de- 
tails of the final product. But, the 
motor engineer should understand ex- 
actly what the product designer wants 
the motor to do. In addition to sum- 
marizing the general functioning cycle 
of operation required of the motor, for 
best results the following data should 
be given: 

MOTOR DATA 

Voltage, frequency, phase 

Open or totally inclosed housing 
Mounting position (gear reducer motors 


should be mounted with gear-end down) 

Shaft dimensions, free length and dia., in 

Maximum allowable end play in shaft, in 

Specify importance of size and weight 

Specify degree of quietness required 

Terminal leads; length and position 

Overload protection; automatic or manual 
reset 

LOAD CONDITIONS 

Speed: Constant or adjustable 

Rotation: Unidirectional or reversing 

Starting torque, oz. in. 

Running torque, oz. in., 
mittent load 

Duty cycle: Time-on time-off; reversals pe! 
min. 

What is possibility of machine stalling? 

Ambient temperature 

Atmosphere: Humid, acid, dusty, alkaline 
other 

Does application require end thrust or ovet- 
hanging load 


OTHER 


If inside cabinet, approx. cu.ft. of volume 
Estimated production; do quantities warrant 
special tooling? 


or highest inter 


The more fully operating requite- 
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Fig. 3—Typical operating characteristic curves of 4 hp, 
3-phase, 1,725 rpm induction motor in terms of torque. 








Robotyper Corporation 


Fig. 4—For compactness and appearance, a special split-phase wormgear 
reducer motor is built as integral part of this automatic typewriter. 





Table I—Comparison of General Characteristics of Different Types of Motors 




































































| Nl } 
Current | | } Starting Relative 
Supply Duty Rotation Speed — Value of 
Torque Current 
Type of > | + Typical 
Motor Reversible Constant Application 
a-c | Con- Uni- Cost, ** 
a-c | d-c | or | tinu- | Inter- | direc-] At | Rest Vari-| Low | Nor- |High | Low | Nor-| Efficiency] per- 
d-c | ous | mittent} tional] rest or Fixed} Adjust-| able mal mal cent 
| only jrotating able 
| | 
_ phase x x x x | x x | Average 100 Respirators 
Shunt or | | 
compound x | |} * } x x | x x Average 65 Projection arc lamps 
Series [= 4 , =< ft @ , 4 | =” x ligh 80 Hand tools 
Series, governor ea x x x | x x Average 260 Calculating machinery 
Polyphase | x | | r ie . x x x | High 150 | Machine tools 
Synchronous x | | |; «x |} x | x | x x Average | 200 Recording instruments 
Synchronous, | | | } | 
polyphase x | x | «x x x | Average 260 Industrial timing units 
ynchronous, | 
capacitor x | x x x | x x Low 200tt| Sound recording units 
Shaded pole x x x x | x x Average 75 | Fans and blowers 
Capacitor x x x x | x x Average 100tt| Recording scales 
Capacitor-start | x | x ae = | x xt High 1001} Compressors 
{ | | 











* Depending on winding specifications and application 


** 1/20 hp split phase motor = 100 percent 











t Low, when compared to split phase motor of equal rating 
tt Less capacitor cost 





ments are known the more intelligently 
special motors can be designed and ap- 
plied. For example, quietness of op- 
eration is a relative factor; it may be 
desirable on an adding machine but it 
is essential on an oxygen tent drive for 
the patient’s comfort. 

Because of the variety of types of 
small motors and their windings, the 
functional characteristics of the motors 
differ greatly as shown in Table I. 
Many drive requirements can be met 
by this wide range of basic character- 
istics or by special modifications of 
them. 


SMALL POLYPHASE MOTORS 


For example, as part of the trend to- 
wards individual motorized drives on 
machines, a polyphase gearhead motor 
drives the metering pump. This built- 
in unit, meters oil to the control cyl- 
inder on the spindle head for intermit- 
tent hone expansion, as shown in Fig. 


1. Most motors used on industrial ma- 
chines are three phase, even for units 
as small as 1/2,000 hp. They are 
usually totally inclosed and have a 
terminal box or pipe tap terminal 
hole for direct conduit connection. 
Other special adaptation features in- 
clude flange mounting and often special 
length shafts with keyways, cross-milled 
flats, threaded, or tapered shaft. 

By careful design of the automatic 
grinding machine for a plastic part 
shown in Fig. 2, standard ventilated 
motors are used except for the grinding 
wheel motor, which is totally inclosed 
to protect it from abrasive dust. 

In the picture, the protective covers 
are removed from over the wheel and 
the two motors on top, center. One of 
these is a 1/20 hp polyphase wormgear 
reducer unit for oscillating the pilot 
shafts in the grinding position, and the 
other is a 3 hp polyphase motor for 
spinning the pilot heads. The motor in 
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the back is a 4 hp polyphase wormgear 
reducer unit for driving the transmis- 
sion and indexing the head. Individual 
motor drive simplifies the design of 
such machines. 

Small polyphase motors have ex- 
cellent operating characteristics for 
machine tools as shown in Fig. 3. In ad- 
dition they are: (1) Dependable on 
continuous operation ; (2) require min- 
imum maintenance since no brushes, 
commutators, or centrifugal switches 
are used; (3) are highly efficient and 
cool in operation, which simplifies the 
lubrication problem; (4) have high 
starting torque and are instantly re- 
versible; and (5) two-phase special 
wound motors are suitable for certain 
electronically operated machines. 


SINGLE PHASE MOTORS 


Since many machines are merely 
plugged into lighting outlets, it is often 
necessary to use single phase instead of 
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three phase motors. For example, 
squeezing a drive into the cramped 
space of the automatic typewriter shown 
in Fig. 4 is typical. Modifying the in- 
tegral wormgear reducer housing of a 
1/15 hp single phase split-phase speed 
reducer motor let it fit inside the type- 
writer and kept the exterior lines of 
the case smooth. The split-phase motor 
is most economical for the desired op- 
erating characteristics and the combina- 
tion of motor and reducer proved to 
be the best way to obtain the compact- 
ness required by the artist’s layout. Also 
the single motorized reducer unit was 
much more simple than the design, 
assembly, stocking and service of in- 
dividual gears, bearings, and other 
parts of a separate unit. 

A capacitor motor could have been 
used except there is no room for a 
capacitor. A shaded-pole induction 
motor would have been far too bulky 
and because of low efficiency it would 
become quite hot inside the inclosure. 
A series wound motor would have the 
advantage of universal installation, but 
there is no room for a high gear ratio 
to reduce the high motor speed, and 
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since the machine runs continuously the 
intermittent rating of a series wound 
motor makes it unsuitable. 


SpPLIT-PHASE Motor. Characteristic 
curves of a typical § hp, split-phase, 
1,725 rpm motor are shown in Fig. 5. 
These motors have constant speed, are 
dependable, and require little main- 
tenance. The centrifugal switch opens 
the high resistance starting winding 
circuit at a pre-determined speed be- 
tween 1,200 and 1,400 rpm on a 60 
cycle, 4-pole, 1,725 rpm motor. Start- 
ing torque is from 150 to 175 percent 
of running torque, and starting cur 
rents range from 5 to 10 times full load 
running current. Therefore, because 
of the small wire used in the starting 
winding, the starting period must be 
short so the starting winding will not 
be damaged or burned out. Heavy 
inertia loads requiring a long time to 
pull up to speed should be carefully 
considered when applying the split 
phase motor, especially when using a 
2-pole, 3,450 rpm motor. Therma! 
overload protection is especially desir- 
able for split phase motors. 


SMALL SYNCHRONOUS Motors. Ap- 
plications for synchronous motors re- 
quire detailed information since often 
the duty is exacting. For example, the 
X-ray timer in Fig. 6 starts and stops 
the exposure at the zero point of the 
voltage wave giving + 1/120 sec ac- 
curacy over a range from 1/120 to 25 
sec. The timer is driven by a special 
split-phase start synchronous motor 
with a single wormgear reducer at one 
end and a double wormgear reduce 
at the other end. Special assembly 
avoids end play and backlash in the 
worm gears. Close tolerance ball bear- 
ings are used. Two different speeds at 
opposite ends with the drive shafts 
revolving in the same direction is ob- 
tained by a left-hand worm and geat 
in one reducer. 

Common small synchronous motors 
are: Split-phase start, capacitor, and 
shaded-pole. If an inertia load is to 
be driven, such as a flywheel, it is es- 
sential to determine the moment of in- 
ertia, I’R®, and the allowable time to 
bring the load up to synchronous spe d. 
When starting, the motor reaches some 
sub-synchronous speed depending on 
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the load, 
rpm for a 4-pole 60-cycle motor and 


ranging from 1,790 to 1,799 


then “jumps” into synchronism in 
1/120 of a sec. In this brief time it 
must accelerate the load as well as it- 
self to the final 1,800 rpm synchronous 
speed. The characteristic curves in Fig. 
7 are typical of a split-phase start syn- 
chronous motor. 

A 3-wire instantaneously reversible 
capacitor synchronous motor is used in 
the timer shown in Fig. 8. This special 
drive provides compactness, more 
power than available from clock mo- 
tors of similar size, and spur gear re- 
duction, and special machining on the 
mounting face for fit between the ex- 
ternal pinion and gear. 

Small capacitor type synchronous mo- 
tors for single or polyphase are suited 
ideally to traffic signals, electro-cardio- 
graphs, recorders of temperature, pres- 
clocks, and similar devices 
that require accurate timing. 

A practically vibration free drive is 
required for the electrical analyzing 
unit shown in Fig. 9 that plots the 
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Fig. 9-—Vibration-free shaded-pole induc 
tion motor with double worm gear rec lucet 


analysis curve photographically. The 
operator can see the deflection of the 
galvanometer on the translucent scale 
as it is being recorded on the film. Op- 
erating with a sensitivity of 10° 
per millimeter on the scale, the motor 
and drive must be practically vibration- 
less to avoid erratic deflections on 
the photographic plate. Ultra-smooth 
motor operation, accurately cut worm 
gears in the double reduction gearhead, 
and sleeve bearings diamond bored to 
close tolerance, instead of ball bear- 
ings, provide smooth operation. End 
thrust of the rotor is taken by a ball 
thrust bearing, that also adjusts the 
position of the rotor within the elec- 
trical field to minimize magnetic hum. 
All external screws, nuts, and plates, 
are plated and the drive shaft is of 
stainless steel to prevent corrosion or 
rusting. 

Characteristic curves of a typical 
shaded-pole induction motor are shown 
in Fig. 10 for a 1/125 hp, 1,650 rpm 
motor. 


SHADED-POLE INDUCTION MOorTor. 
The shaded-pole induction motor has 
no brushes or centrifugal switch and 
is, therefore, as trouble free in opera- 
tion as a capacitor or polyphase unit. 
It has both a low starting current and 
low starting torque and is excellent 
where its characteristics can be used. 
Efficiency is poor, and it runs hot when 
wound for peak output. Its horsepower 
output per pound of motor weight is 
low in comparison with split -phase 
type. This motor is unidirectional and 
direction of rotation must be specified 
for each application. 


CAPACITOR INDUCTION Moror. The 
capacitor induction motor is the answer 
to many small motor problems. A typ- 
ical application is the drive inside the 
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Fig. 12—Circuit diagram of a three lead 
four winding reversible capacitor motor. 
in Fig. 11. A reversible motor, resil- 


iently mounted, and driving through a 
double V-belt reduction to worm gear 
carrier, positions the fluoroscope vertic- 
ally on the two vertical screws. The an- 
gular position of the head is controlled 
by the 3-wire reversible double worm 
gear capacitor motor that is instanta- 
neously reversible for quick adjustment. 

The compactness of the double worm 
gear reducer motor eliminated many 
complications, both mechanically and 
electrically. 

A 3-wire reversible capacitor motor 
has similar windings in both the capact- 
tor and main windings. When the 
motor operates in one direction, the 
capacitor is In series with one winding 
that serves as the starting winding 
while the other winding is the main 
winding as shown in Fig. 12. When 
the single pole-double throw switch 
is thrown for the opposite direction 
of rotation, the capacitor is switched 
into series connection with the opposite 





applied to electrical analyzing apparatus head of the industrial fluoroscope shown winding. A 3-wire motor for instan- 
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Fig 10—Typical characteristic curves of 1/125 hp, shaded- Fig. 11—Resilient mounted reversible motor positions fluoroscope car- 
Pole iotor. Operating conditions at one-half, three-fourths, riage and 3-wire, reversible, capacitor motor is used for angular posi- 
and full load are shown for horsepower, efficiency and speed. tioning of the head. Application of double worm simplifies the drive 
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taneous reversing requires a minimum 
of 100 percent starting torque, a spe- 
cial rotor core, and usually a capacitor 
that has twice the capacitance of that 
required for an ordinary unidirectional 
motor of the same rating. 

The windings of a 4-wire reversible 
capacitor motor do not have the same 
number of turns and wire size as for 
a 3-wire reversible unit. To be instan- 
taneously reversible, the motor may re- 
quire a special winding and also prob- 
ably either a special rotor core, or a 
higher capacitance capacitor, or both. 
The requirement depends on the motor 


design, size, and type and characteris- 
tics of the load. 

The capacitor motor that does not 
have to be instantaneously reversible, 
has high efficiency and power factor 
as shown in Fig. 13, and a starting 
torque of approximately 80 percent. It 
has no starting switch or brushes and 
thus is free of radio interference. The 
starting current is low. A capacitor 
motor is smooth and quiet in operation 
because the winding 1s uniformly dis- 
tributed like in a two-phase motor. 

A capacitor motor uses an oil-filled 
hermetically sealed low-capacitance ca- 
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Fig. 14—Application of capacitor induction motor in a two place electrolytic analyzer. 
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pacitor in the circuit continuously. In 
contrast, a capacitor start motor uses 
an electrolytic high-capacitance capac- 
itor in the starting circuit only, and it 
is disconnected by a centrifugally op- 


erated switch after the motor has 
started. The capacitor start motor pro- 
duces 350 to 375 percent starting torque 
with 4 to % of the starting current re- 
quired by a split-phase motor of the 
same rating. 

Because of their desirable character- 
istics, capacitor motors are used on 
many industrial instruments. For ex- 
ample, the electrolytic analyzer in Fig. 
14 uses two capacitor induction motors 
with built-in spur gear speed reducers, 
For protection against corrosion ll 
external ferrous metal parts are plated 
or made of stainless steel. The motor 
frame is die cast Zamac No. 3. Be- 
cause the motors operate continuously 
in a vertical position, precision ball 
bearings carry the rotors and bronze 
bearings are used on the drive shaft 
with lubricant fed to it from the gear 
chamber. Many motors of this type 
using special windings are being used 
in electronically controlled circuits. 

In applying capacitor motors, knowl- 
edge of the ambient temperature is im- 
portant, especially for low tempera- 
tures. The electrolyte in capacitors 
changes characteristics with tempera- 
ture thus causing the capacitance to 
vary. Most electrolytes cause a capaci- 
tor to maintain a fairly uniform capacit- 
ance from 10 to 100 C, but at low tem- 
peratures they vary greatly. At —20C, 
some electrolytes cause a capacitor to 
lose 25 percent of its capacitance. Thus 
at low temperatures in an outdoor ap- 
plication, for example, the motor may 
not start. Even if the motor starts it 
may not get up to normal operating 
speed, and a synchronous motor may 
not pull into synchronism. 





Electropolishing 
Stainless Steel 


EssENTIALLY the reverse of electroplat: 
ing, the electropolishing of stainless 
steel is a relatively new process. As 
demonstrated by the American Rolling 
Mill Co. at the recent Industrial Fin- 
ishing Exposition in Detroit, a short 
time in the tank will polish cold-drawn 
stainless steel wire parts. 

The solutions used with patented 
electropolishing processes are citric 
sulphuric acid and _ glycolic-sulphuri¢ 
acid, which operate between 185 an 
200 F; and acid-butyl alcohol, hich 
is kept between 140 and 160 deg 
Fahrenheit. 
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A Practical Theory of Mechanisms 


PAUL GRODZINSKI, A.MI. Mach. E., 
First Edition. 166 pages, 6% x 43 in. 
Published by Manchester Emmott & 
Co. Ltd., 31 King Street West, London, 
England. 7/6. 


A practical treatise on mechanisms. 
The author systematically takes up 
screw, crank, gear, band, cam, ratchet, 
hydraulic and electrical mechanisms. 
Each class of mechanisms is further 
subdivided and all are explained in the 
text and illustrated by some 210 sche- 
matic illustrations. 

The book is intended only as an in- 
troduction to the theory of mecha- 
nisms, but is sufficiently broad in its 
treatment of the subject to interest 
both students and practicing engineers. 
The chapter on ratchets and indexing 
mechanisms 1s particularly complete. 


Electronic Engineering 
Patent Index 


Edited by FRANK A. PETRAGLIA. First 
edition. 480 pages, 7 x 104 in. Pub- 
lished by Electronics Research Pub- 
lishing Co., 2 West 46 St., New York, 
N. Y. $14.50. 


A compilation of all electronic engi- 
neering patents issued during 1946 as 
presented in the 52 weekly issues of 
the Official Gazette of the U. S. Patent 
Office. : 

The more than 2,000 patents are ar- 
ranged in 93 subject classifications such 
as amplifiers, control systems, loud- 
speakers, oscillators, telemetering, tele- 
vision, U.H.F. equipment, and power 
supplies. Descriptions and diagrams are 
reproduced in full from the Gazette 
to provide basic information for fur- 


ther search if desired. 


Control Charts in Factory 
Management 


WILLIAM B. RICE, Consulting Business 
Statistician. 149 pages, 6§ x 9% in. 
Published by John Wiley & Sons, Inc., 
440 Fourth Ave., New York 16, N.Y. 


$2.50 


Simplicity and fact finding power of 
control charts is presented as a tool for 
Management. Application of  tech- 
nique to help build quality into a 
Product economically is the theme of 


this book. It has been written to 
bridge the gap between W. A. She- 
wart’s advanced mathematical work in 
this field and the American Stand- 
ards’ Association pamphlets ZI.1, 
Z1.2, Z1.3, which are on the handbook 
level. The book provides an introduc- 
tion to statistical ideas for the execu- 
tive. Chapters on X, R, p, and p" 
charts are followed by 15 case studies 
of industrial applications. 


Essentials of Applied Physics 


ROYAL M. FRYE, Professor of Physics, 
Boston University. 322 pages, 64 x 94 
in. Published by Prentice-Hall, Inc., 
70 Fifth Ave., New York 11, N. Y. 
$4.35. 


This text is prepared for the junior 
college, advanced trade school, even- 
ing engineering school and technical 
institute student. Accordingly it is 
more concise than the usual college 
physics textbook, and lucidly written. 
Many sketches add to the interest. 
The subject is not treated as deeply as 
expected of a freshman physics course 
in a good engineering school. It is, 
however, equally broad or broader. An 
interesting appendix summarizes al- 
gebra essentials, abbreviated multipli- 
cation and division, geometry, trigo- 
nometry and logarithms. 


Finishes for Aluminum 


REYNOLDS METALS COMPANY. Two 
sections, 228 pages, 6x9 in. Pub- 
lished by Reynolds Metals Company, 
Dept. 27, 2500 S. Third St., Louis- 
ville 1, Ky. $2. 


Introductory pages of Section One 
discuss the physical properties of this 
naturally attractive metal. However, 
the use to which the aluminum or 
alloy is to be put must be considered 
because protective coatings may be 
necessary to imsure satisfactory per- 
formance. In many instances the metal 
must be thoroughly cleaned before the 
coating can be applied. Eight meth- 
ods of cleaning aluminum are listed 
and described. 

Seventeen mechanical surface fin- 
ishes, 15 chemical finishes, 11 elec- 
trolytic oxide treatments and 12 elec- 
troplated coatings are completely 
described. All temperatures, concen- 
trations and times for treatments are 
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presented with a discussion of the 
service conditions each surface was 
developed to meet. 

Seven paint application methods, 
seven paint coatings, ceramic coatings 
(vitreous enamels) and special finishes 
such as silk screen and sprayed metal 
finishes are mentioned in detail. This 
section concludes with a discussion of 
various controls and tests for finishes. 

Section Two supplements the first 
section with 120 pages of shop data 
on materials, equipment, solution pre- 
paration, procedure and control for 
more than 30 of the most widely used 
finishing processes. This book is sup- 
plied in a loose-leaf binder and new 
and revised bulletins will be issued at 
intervals to keep the information 
up-to-date. Revised Standard Process 
Bulletins will be furnished only to 
registered holders of Section One. 


Phenoplasts—Their Structure, 
Properties and Chemical Technology 


T. S. CARSWELL. 267 pages, 6 x 94 im. 
Published by Interscience Publishers, 
Inc., 215 Fourth Ave., New York 3, 
N. Y. $5.50. 


This book, Volume VII in a series 
on high polymers, covers the structure, 
properties and chemical technology of 
the phenolic plastics. This book also 
attempts to correlate their structure 
with their mechanical and chemical 
properties. 

Included in the volume is new in- 
formation developed in the past five 
years. Although there is a chapter 
covering the more practical aspects of 
phenoplast manufacture and another 
one on the elements of molding tech- 
nique, no attempt has been made to 
write a practical handbook on pheno- 
plast manufacture. 

Subjects covered include: History 
of the development of phenoplasts; 
chemical structure of the phenoplasts ; 
phenoplasts from high aldehydes; 
phenoplasts from polyhydric phenols; 
the physical structure of the pheno- 
plasts ; fillers for molding powders; 
fillers and resins for laminates; me- 
chanical properties of molded pheno- 
plasts; mechanical properties of lami- 
nated phenoplasts; electrical, thermal 
and chemical resistance properties ; oil- 
soluble phenoplasts ; phenoplasts as 
ion-exchange resins; technical manu- 
facture of phenoplasts; molding tech- 
nique and technical applications. 
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HEAD ON VIEW of Douglas Skyrocket showing cockpit cover open and fins on wings for 


reducing stresses in the transonic speed range. 


Research plane has both rocket and jet engines. 


Man-Carrying Rocket-Jet Aircraft 


FIRST SONIC RESEARCH AIRCRAFT (Ca- 
pable of taking off, flying and landing 
under its own power, the D-558-2 
Skyrocket was recently unveiled by 
the Navy Department, National Advi- 
sory Committee for Aeronautics and 
Douglas Aircraft Co., Inc., at the El 
Segundo, Cal., plant where it was 
designed and developed. Supersonic 
commercial flying was brought closer 
to reality by this rocket and jet flight 
machine that has acutely sweptback 
wings and tail, pointed needle nose 
and slimly tapered fuselage. The Sky- 
rocket indicates the shape of things 
to come as we approach the age of 
supersonic flight. 

Like its record-breaking predeces- 
sor, the Skystreak, the Skyrocket is 
powered by a Westinghouse J-34 
turbo-jet engine so that it can function 
as a conventional aircraft at lower 
speeds. The additional thrust, pro- 
vided by the Reaction Motors, Inc., 
rocket engine located at the aft tip of 
the fuselage, will ram the craft to its 
upper speed limit, hoped to be above 
that for sound. 

This transonic craft is 4414 ft long 
and has a wing span of 25 feet. Be- 
cause of insufficient space in the thin 
wings, the landing gear and fuel com- 
partments are located in the fuselage. 
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Tankage for 250 gal of aviation gaso- 
line, not kerosene, is provided for the 
turbo-jet engine in addition to space 
for 114 tons of the special rocket fuel. 

Wing and tail surfaces are fabri- 
cated from 75 ST aluminum alloy and 
the fuselage is covered by a skin of 
magnesium alloy. The bulkheads and 
strength members are made of alumi- 
num alloys. There is no bubble to 
break the ship’s clean aerodynamic 
line. The pilot’s inclosure is com- 
pletely inside the polished fuselage. 
The cockpit is equipped with oxygen, 
pressurization, refrigeration and _heat- 
ing. The fuselage and needle nose 
were designed to reduce drag and inter- 
ference from shock waves in the clash- 
ing air currents of the transonic range. 

In the arrangement of power plants 
and fuel systems, extreme care was 
taken to distribute all fuel uniformly 
about the center of gravity to reduce 
trim changes during fuel consump- 
tion. Exhaust outlets also were care- 
fully arranged to react through the 
center of gravity. 

Although the design and develop- 
ment of the Skyrocket has been rapid, 
it was first discussed on V-J Day, 
every precaution has been taken to 
insure pilot safety. The rockets can 
be fired in short selective bursts. Aero- 


dynamic brakes, located in the after 
portion of the fuselage, will allow the 
ship to approach the speed of sound 
under control. A quick-release emer- 
gency device can be operated to eject 
the pilot's compartment. The pilot 
remains in this compartment until it 
reaches an altitude and speed where 
he can open his parachute. 

Shortly after the Skystreak research 
project was started, the advantages of 
sweptback wings for aircraft operating 
in the transonic speed range began to 
be realized. It was therefore con- 
sidered advisable to modify the Sky- 
rocket design to include the investi- 
gation of sweptback wings. 

The use of the sweptback wing and 
tail is one method of increasing the 
upper speed limit by a substantial 
amount over the maximum speed of 
a straight wing. The airfoil sections 
are of the conventional subsonic type, 
with rounded leading edges and con- 
tours and not of the supersonic pointed 
type. To overcome the poor low-speed 
lift characteristics of the sweptback 
wings, Handley Page leading edge 
type, automatic slots were provided. 

Because of the wing sweep and in- 
sufficient space, it was found imprac- 
ticable to house fuel and the landing 
gear in the wing. Accommodations 
for both in the fuselage therefore 
necessitated increasing the fuselage di- 
ameter considerably over that of the 
Skystreak. Aerodynamic brakes are 
designed in the after portion of the 
fuselage for control of drag or speed. 


FUTURE POSSIBILITIES 


The purpose of the Skyrocket 1s to 
explore the upper limits of subsonic 
airfoils that retain relatively normal 
low-speed characteristics. This ait 
craft, in reality a highly-complex 
scientific instrument, will be used to 
obtain aerodynamic data upon which 
to base future designs. The long: 
range progressive search for definite 
information is clearly shown by the 
accompanying chart. 

While having no provision for 
military armament, the Skyrocket car- 
ries a payload of scientific recording in- 
struments. A pressure measuring sys- 
tem consisting of an automatically 
recording manometer will be used to 
measure air pressure at 400 points on 
the wing and tail surfaces. Control 
forces and stresses in the structure will 
be measured by 904 electric strain 
gages and automatically recorded by 
an oscillograph. A photographic flight 
recorder will be used to produce 4 


Propuct ENGINEERING — JANuary, | 949 








Altitude — Feet 


Ww 
>< 





SPEI 
Char! 


Surve 


moti 
instr 

A! 
flight 
ae 
Murt 
rocke 
to th 
prog: 
made 
tions 

In 
will t 
rise { 
The 
and | 
speed 
utes. 
to bg 
entire 
minu 

Th 
deper 
ror ke 
find { 
neces: 
forwe 
know 
For P 
the n 


bir 
nani: 


ver 
ress 








INSTE 


P} DT 








wvae 7 


to 
1iC 









































50,000 
AY, 
— WY 
+ 40,000 RY 
s 
wW 
1 30,000 
3 To be investigated by Skyrocket -- 
£ 20,000) 17 VW} AZ NVA N 
< = | Undler investigation by Skystreak --\-7 
10,000}—§ /\ a 
g | Existing reliable test data-~- 3 
Sea level S z= WZ \ eS \ ; 
01 02 03 04 O05 06 07 O08 09 10 1 1.2 
Mach Number 
Knots 6 100 200 300 400 500 600 700 800 
M. P.H.5 100 200 300 400 500 600 700 800 900 
Ft/sec. 5 100 200 300 400 500 600 700 800 900 1000 1,100 1,200 1300 


Airplane Speed 
HOW FAST CAN WE GO ? 








SPEED OF SOUND (Mach number 1) is being rapidly approached in flight research. 


Chart shows speed and altitude region fot 
surveyed by the Douglas Skystreak and to be 


motion picture record of the flight 
instrument readings. 

After usual contract demonstration 
flights by the Douglas Company at the 
U. S. Army Air Forces Test Center, 
Muroc Dry Lake, California, the Sky- 
rocket will be turned over by the Navy 
to the NACA for an intensive research 
program. This program calls for tests 
made at various altitudes and condi- 
tions of flight. 

In a typical test run, the Skyrocket 
will take off under turbo-jet power and 
rise to an altitude above 25,000 feet. 
The rocket motors will be turned on 
and the craft will cross the transonic 
speed range for a period of two min- 
utes. The Skyrocket will then return 
to base under turbo-jet power. The 
entire operation should cover about 30 
minutes. 

The exact rate of fuel consumption 
depends upon the method of firing the 
rockets chosen by the pilot. He may 
find that short selective bursts may be 
necessary so that he will not be thrust 
forward suddenly into new and un- 
known conditions of compressibility. 
For periods of a few seconds duration 
the machine may become a pure pro- 


which aerodynamic conditions are being 
investigated by the new Douglas Skyrocket. 


jectile independent of the air for 
power or lift. Such a flight pattern 
may permit the missile-shaped ship to 
close in gradually on the ual of 
sound under complete control. 

Commercial use of jet transport 
planes will not be possible until de- 
signs are stabilized and problems of 
all-weather, all-plane traffic control 
are solved. The Skyrocket will pro- 
vide solutions to many of the design 
problems but the commercial airways 
and airport traffic control system will 
have to be revised. 

Jet planes must be allowed to op- 
erate at their optimum cruising speeds 
and altitudes and provision must be 
made for correct climb-descent paths. 
Maneuvering air space, both laterally 
and longitudinally must be increased 
for safe high-speed flight. 

Ground operations must be so regu- 
lated that taxiing and ground running 
time of jet aircraft never exceeds three 
to five minutes. Irrevocable landing 
positions and procedures must be as- 
signed to jet aircraft prior to the time 
scheduled for descent from the neces- 
sarily high cruising altitudes to the 
trafic zone of the airport. 
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INSTRUMENTATION of this flying research laboratory includes strain gages and pres- 
sure measuring orifices. They are recorded on automatic manometers and an oscillograph. 
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Germans Used Oxygen 
To Make Ferrous Alloys 


UsE OF OXYGEN-ENRICHED BLAST for 
metallurgical processes has generally 
related to open hearth methods in this 
country but in Germany emphasis has 
been on blast furnace production ac- 
cording to a report on the use of 
oxygen in the German iron and steel 
industry issued by the Office of Tech- 
nical Services, Department of Com- 
merce. The report was prepared by 
OTS investigator Dr. Walter M. Pol- 
litzer. 

Pig iron as well as ferro-chromium 
are produced in Germany from low 
grade raw materials with oxygen-en- 
riched blast. Pilot plant experiments 
have been conducted successfully since 
1935 in one large blast furnace, and 
at two other places in low shaft blast 
furnaces. One large steel mill has 
used oxygen enriched blast for its basic 
cony erter for more than ten years. 
German experience has resulted in 
important advances in economical pro- 
duction. Pig iron has been successfully 
produced from normal or low grade 
ores, ferro alloys from ores otherwise 
considered sub-standard, and high 
quality steel in basic converters with 
heavy additions of cold scrap. 

The Gute Hoffnungs Huette plant 
at Oberhausen was the first large steel 
firm in the world, so far as known, to 
build a blast furnace for experiments 
with oxygen-enriched air, according 
to the report. At that time (1933) 
the Frankl method for producing ox- 
ygen cheaply had been developed. Ex- 
periments at Oberhausen convinced 
the plant management that the oxygen- 
enriched method of pig iron produc- 
tion was economical. The experiments 
also proved that all technical metal- 
lurgical problems connected with ox- 
ygen-enriched blast up to about 26 per- 
cent oxygen content could be mastered 
without difficulty. 

Dr. Pollitizer’s report contains a 
technical description of the Ober- 
hausen experiments including two 
tables of test results. The report also 
contains data on the use of oxygen in 
basic converters at the Eisenwork 
Gesellshaft Maximilianshuette at Sulz- 
bachl; details on a low shaft blast fur- 
nace operated by the Sueddeutsche 
Kalkstickstoff Werke in Trostberg 
where the manufacture of fertilizers 
produced oxygen as a byproduct; and 
information on a low shaft blast fur- 
nace operated by the Humboldt Works 
in Upper Silesia. 

“The coming era in iron and steel 
production will have to utilize more 
and more low grade ores and fuels,” 
Dr. Pollitizer states, ‘‘so the industry 
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will be compelled to look to new meth- 
ods. General economic considerations 
can lead to the application of more 
concentrated blast in other metallur- 
gical processes, so the progress made 
in Germany under war pressure may 
prove useful stimulus to work along 
these lines in other countries.” 

The report (PB-81385, mimeo- 
graphed, 75 cents) can be ordered 
from the Office of Technical Services, 
Department of Commerce, Washing- 
ton 25, D. C., and orders should be ac- 
companied by check or money order, 
payable to the Treasurer of the U. S. 


Joint Navy-Air Force-Industry 
Power Plant Conference 


A Joint Navy-Air Force-INDUSTRY 
conference on standardization and sim- 
sig-eng of power plants and propel- 
ers has been held at Wright Field; 
Ohio. Approximately 120 Navy, Air 
Force and industry officials attended 
the three-day conference. 

In the conference it was brought out 
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that the services have a tremendous 
problem in the stocking of parts and 
maintenance of equipment through- 
out the world. An important essential 
to this operation is a common identi- 
fication of standard parts. Industrial 
representatives stated the necessity of 
adopting standards universally, but ex- 
pressed the desire that either standards 
be established by the engine and pro- 
peller industries or that they pattici- 
pate more actively in determining those 
standards. The conference gave evi- 
dence of all concerned making prog- 
ress toward arriving at standards for 
materials, processes, and utility parts. 
The engine and propeller industries 
represented at the conference were: 
Wright Aeronautical Corp., Westing- 
house Electric Corp., Ranger Aircraft 
Engines, Pratt & Whitney Aircraft, 
Avco Mfg. Corp., General Electric 
Co., Continental Motors Corp., Gen- 
eral Motors Corp., United Aircraft 
Corp., Fairchild Engine & Airplane 
Corp., Delaval, Aircraft Industries As- 
sociation of America, Inc., Aircooled 
Motors, and Packard Motors Co. 


Diamonds Detect Atomic Radiation 


DIAMONDS ARE HIGHLY SENSITIVE to 
gamma rays and can be used to detect 
this radiation in the same way as a 
Geiger-Muller counter. This was 
shown by radioactivity studies con- 
ducted by Dr. L. F. Curtiss of the Na- 
tional Bureau of Standards. A dia- 
mond placed in a strong electric field 
initiates sharp electrical pulses when 





AN INDUSTRIAL DIAMOND is the heart A colorless industrial diamond, clamped between metal electrodes in the opening in the 


of the diamond radiation counter. Sharp 
electrical pulses are produced in the dia- 
mond by absorption of gamma radiation. 


gamma radiation is absorbed, and, as 
with a Geiger counter, a count of 
pulses gives an indication of the in- 
tensity of the radiation. The diamond 
counter has not yet been tested for 
betaradiation, but it is expected that 
a similar effect may be observed in 
this case. 

Gamma _ rays——electromagnetic rays 
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of very short wave length similar to 
X-rays—are constantly given off by 
radioactive materials. Of great value 
in many lines of research, they are 
used principally in medicine, in indus- 
try for the radiographic examination 
of metallic castings, and in nuclear 
physics for the study of the structure 
and energy levels of the nucleus. The 
development of the diamond counter 
is expected to provide an important 
tool for scientists and technicians in 
these fields. 

To use a diamond as a counter, it 
is clamped between two small brass 
electrodes maintained at a potential 
difference of about 1000 volts. When 
a source of gamma radiation is brought 
within range of the daimond, there 
occur across the electrodes pulses of 
current, which after amplification may 
be detected and counted on any suit- 
able indicating device, such as an oscil- 
loscope, a current meter, a set of ear- 
phones; or a loud speaker. In the 
apparatus assembled at the Bureau, pri- 
mary amplification is effected with 
minimum loss of original intensity 
through the use of a triode very close 
to the diamond in the circuit. The 
output from this tube is then applied 
to a two-stage amplifier, from which 
pulses of sufficient magnitude are ob- 
tained to operate the detector. 

In view of the relative abundance 
and moderate cost of industrial dia- 
monds, as well as the simplicity and 
apparent indestructibility of the dia- 
mond counter, Geiger-Muller counters 
may be replaced by diamond counters 
for many applications. 





small black cylinder (above the larger cylinder) at right, forms the counter. Gamma rays 
falling on the diamond produce sharp electrical pulses that are amplified and recor 
on a cathode-ray oscilloscope or suitable recording instrument. 
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Washington Notes 


Navy’s Technical Progress 
Explained to Industrialists 


The U. S. Navy was claimed to be 
“the largest technical organization in 
the world” at the recent two-day con- 
ference in Washington, D. C., of 
members of the Navy Industrial As- 
sociation and key naval research and 
development personnel. 

Opening the sessions devoted to ex- 
plaining the Navy’s research and de- 
velopment program, Rear Admiral 
Paul F. Lee, Chief of Naval Research, 
pointed out that the Navy today “is 
the greatest user of power, the largest 
ship design, construction and repair 
activity, and employs the largest num- 
ber of technical personnel.” 

During presentations covering all 
phases of the Navy’s research program, 
it was brought out by Ralph D. Ben- 
nett, Technical Director of the Naval 
Ordnance Laboratory, that the Navy 
has developed unique equipment in 
controlled production and measure- 
ment of mechanical shock. Though 
the problems for which much of the 
equipment has been designed are of 
military application, he noted that the 
equipment can be helpful in solving 
industrial problems. 

“The violence and destructiveness 
of modern naval warfare requires that 
ordnance survive shocks that are sev- 
eral orders of magnitude higher than 
those which most industrial equipment 
encounters,” Mr. Bennett said. In 
order to reduce the cost and time in- 
volved in the conduct of actual field 
trials which would otherwise be re- 
quired to determine the ability of 
ordnance to withstand these shocks, 
the NOL has developed four labora- 
tory test machines based on the “‘air 
gun” principle, for the simulation of 
these service shocks. With these ma- 
chines, accelerations varying at a con- 
trolled time rate are impressed on 
ordnance mechanisms, to simulate the 
shock encountered by a bomb pene- 
trating a water surface or a projectile 
being fired from a gun. These ma- 
chines will reproduce accelerations as 
low as five or as high as 35,000 times 
that of gravity. A comparison of the 
records of 1940 with those of 1946 
indicates that the use of these ma- 
chines has reduced the number of field 
trials required in certain types of de- 
velopment by a factor of at least five. 

hese “‘air guns’ are also useful in 
evaluating the performance of inertia- 





BOEING XB-47 JET BOMBER goes through initial engine runs prior to taxi tests at 
Boeing Field, Seattle. The new bomber’s wings have the appearance of drooping but in 
flight will rise to a level higher than horizontal, giving the plane the greatest wing 
flexibility ever designed into an aircraft of this size. Having radical swept-back wings 
and tail surfaces, powered by six General Electric jet engines, and featuring a tandem-type 
landing gear, the “Stratojet” is the first heavy bomber to make use of the high speed 
possibilities of sweep-back and thin airfoils. 





operated or percussion-operated firing 
devices. 

Capt. W. D. Leggett, Director of 
the Naval Engineering Experiment 
Station at Annapolis, reported on 
tests on a “‘steam jet air conditioning 
plant for the berthing spaces and vital 
battle stations of the USS Salem. The 
steam jet units for quarters and sick 
bay are augmented by small Freon 
units for vital spaces. We have com- 
pleted tests on the first of the three 
units, each of which is designed to 
provide 65 tons refrigeration with sea 
water at 85 F. The system offers many 
advantages, such as simplicity, ease of 
automatic control, and quietness of 
operation. The first set tested actually 
gave greater than required capacity 
with only minor difficulties, which we 
were able to correct. We feel, how- 
ever, that the major contribution on 
the part of the Station has been to 
provide a reasonable assurance by an 
impartial judge that once this unit 
was located under and between ar- 
mored decks, it could stay there doing 
what it was supposed to do for a nor- 
mal life. This is a most important 
function in the design of Naval ves- 
sels, where the removal and replace- 
ment of machinery items for overhaul 
frequently exceeds the cost of such an 
overhaul.”’ 

Capt. Leggett also reported progress 
in a new testing program on Diesel 
engine bearings. This program includes 
studies of materials for mechanical 
strength, conformability, penetrability. 
chemical bonding characteristics and 
corrosion resistance, thermal expansion 
coefficients, conductivity, and other 
anti-friction and seizure characteristics. 
It covers the use of oil, water and 
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steam as lubricants and contemplates 
greatly increased unit loading. Thus 
far, tests have been operated with tin 
based babbitt at about eight times con- 
ventional rating. 

He also said the Station’s tests on 
the Allis-Chalmers gas turbine unit 
(see page 415, May, 1946, PRODUCT 
ENGINEERING) are progressing rapidly. 
This unit is the first full-scale gas 
turbine designed to operate continu- 
ously at 1,500 F. inlet temperatures, 
at which it is designed to develop 3,- 
500 hp at 5,180 rpm. ‘The basic in- 
formation derived will make it pos- 
sible to proceed much more surely and 
rapidly on subsequent designs,” he 
said. “This information will also help 
in expediting test work on the 3,000- 
hp. Elliott and 750 hp. DeLaval tur- 
bines which we hope to receive next 
spring.” 

Tests are also under way on regen- 
erators and compressors, Capt. Leggett 
reported. Compressor studies cur- 
rently are concerned mainly with noise 
reduction and improved performance. 
Wet compression is being studied with 
a 550 cfm Elliott Lysholm compressor. 
Reduction in compressor work required 
is expected because absorption of heat 
by the liquid from the gas being com- 
pressed tends to make compression 
approach isothermal rather than adia- 
batic. On completion of the small com- 
pressor runs the Station expects to 
start runs based on the data but using 
a 10,000 cfm rotary lobe compressor 
designed for installation with a gas 
turbine plant in a destroyer escort. 

In another phase of the gas turbine 
field, he revealed that equipment now 
being used at the laboratory is capable 
of carrying out tests at temperatures 
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as high as 2,000 F. Alloys getting by 
the first tests are further tested as gas 
turbine blades under simulated service 
conditions, in a_ turbo-supercharger 
driven by combustion products from 
an oil burner. The turbine wheel cur- 
rently in use has blades of 12 different 
alloys and operates at 15,500 rpm, 
producing a blade stress of 10,000 psi, 
resulting from centrifugal force. It has 
run more than 700 hr, including 100 
hr at 1,500 F blade temperature. 

Reporting on Diesel and gasoline 
engine testing, Capt. Leggett said in- 
vestigations of chromium plated 
cylinder liners involved construction 
of special inspection devices and a 
special unit for bench wear tests. 
Results have been well worth the effort, 
and cylinder wear has been reduced to 
one-fourth to one-seventieth of the 
previous normal rate. 

Feasibility of using austenetic steels 
for steam piping in the higher tem- 
perature ranges is also being investi- 
gated. Thermal shock tests are to be 
made on both austenetic and ferritic 
steels, and bends of 6-in. pipe are to be 
subjected to cyclic loading while under 
full steam temperature and pressure. 

In the field of metallurgy, Capt Leg- 
gett said the laboratory personnel “have 
recently come through with two very 
interesting developments which may 
have far reaching effects. The first of 
these is a method of determining the 
applicable welding procedure for steel, 
using high frequency heating to simu- 
late the thermocycle of welding. This 
has proved satisfactory for a wide 
variety of mild and low alloy steels 
and is now being investigated for high 
yield point steels. The second, known 
as the oil-powder method of flaw de- 
tection, was demonstrated as a part of 
the Bureau of Ships exhibit at the 
recently-held Metal Congress and Ex- 
hibition in Chicago. It has attracted 
international interest. It was developed 
in connection with the repair of 
welded frames for Diesel engines. A 
specially compounded penetrating oil 
containing a red dye is applied to the 
surface to be inspected. This is wiped 
off and followed with a white, high 
hygroscopic dusting powder. Even 
microscopic cracks will show up as a 
vivid red line in the white powder, 
and the process is as effective on non- 
porous plastics as on metals.” 

Commodore H. A. Schade, Director 
of the Naval Research Laboratory, 
reported that “An important contribu- 
tion to foundry practice has been made 
with the study of segregation of impuri- 
ties in small steel castings, and studies 
in improvements in gating and risering 
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systems are continuing projects in the 
foundry. Recently, a successful casting 
was made at the Laboratory of a special 
bronze for the M.I.T. cyclotron. It is 
interesting to note that this particular 
casting would not be taken by a com- 
mercial foundry but was accepted by 
the Laboratory because it afforded an 
excellent opportunity to apply many 
of the techniques that have been devel- 
oped in foundry research. 

“An active program is under way 
to study the relatively new metal 
titanium, which is new in the sense 
that so little is known about it to date. 
Many interesting properties have been 
claimed for this metal such as tensile 
strength of 100,000 pounds per square 
inch, combined with density of about 
half that of iron, and superb corrosion 
resistance.” 


Congressional Decisions 
To Affect Engineer 


Design and production engineers 
will again feel the effects of politics 
this year, since legislation to be fought 
through Congress may affect the sup- 
plies of many materials with which 
they work Since both short- and long- 
term legislation aimed at European 
recovery under the Marshall Plan is 
taking precedence over all other sub- 
jects, the course of this program has 
considerable bearing on engineering 
activities. 


STEEL—This basic material will con- 
tinue in short supply, so that extensive 
use of substitutes will be necessary. 
Washington observers feel that, even 
if the Marshall Plan is held to its 
short-range features, steel will be dif- 
ficult to obtain for at least the next 
couple of years. If the Plan is accepted 
as a long-range rehabilitation project, 
product engineers will have difficulty 
in obtaining all they want—and the 
grades they want—for a much longer 
period of time. 


RUBBER—Natural rubber—with or 
without a Marshall Plan—will con- 
tinue being scarce, with the result that 
present government regulations cover- 
ing use of synthetic rubber will be 
continued, probably for at least a year 
beyond the present expiration date of 
March 31. However, Capitol observers 
report this extension will be simply 
a stop-gap measure, as one step in 
a complete overhaul of United States 
rubber policy legislation. The Armed 
Services Committee has been making 
an intensive study of the whole rubber 
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situation and is known to be anxious 
to get under way a long-range policy, 
one that will release from wartime 
measures an industry that was born 
in the war but which has tremendous 
peacetime potentials. It is expected 
that legislation will be introduced dur- 
ing the regular session of Congress, 
but whether it is written into law 
before adjournment. will depend 
largely on how much progress is made 
on bills dealing primarily with the 
international situation. 


SYNTHETIC LIQUID FUELS-—The House 
committee has approved, and _ both 
branches of the legislature are likely 
to pass, legislation extending the 
terms of the 1944 law authorizing 
operation of demonstration plants to 
produce synthetic liquid fuels from 
coal, oil shale and other raw materials. 

Other legislation concerning engi- 
neering include: 


NATIONAL SCIENCE FOUNDATION— 
There is little likelihood it will be 
established as such. The President will 
put into effect administratively some of 
the recommendations of the Steelman 
reports on “Science and _ Public 
Policy,” thereby moving toward more 
coordination of all Federal research 
activities. This will tend to relieve 
some of the pressure for science legis- 
lation. In any event, it is certain that 
the type of foundation vetoed by the 
President last year will not be written 
into law this year. Any foundation 
will be one with a Presidentially- 
appointed director. 


OFFICE OF TECHNICAL SERVICES— 
A Senate committee has approved a 
measure for establishing in the Depart- 
ment of Commerce a permanent Office 
of Technical Services, similar to the 
agency now operating there Backers 
claim that OTS authority and func- 
tions, as written into the new bill, meet 
industry objections raised during pub- 
lic hearings. Though the bill’s chances 
of passing the Senate are held good, 
it is doubted in Washington that it can 
get through the House. 


Use of German Scientists 
Reevaluated by Government 


The question of bringing German 
scientists to the United States for work 
in private industry and private labora- 
tories has recently been reviewed again 
by the military and the government 
agencies. This time the State Depart- 
ment, which heretofore has not granted 
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visas for permanent entry of such men, 
appears to have been won over. The 
State Department agreed to approve 
visas for a limited number of scientists 
now in Germany, whose services have 
been requested by U. S. organizations. 

The responsibility, however, for 
bringing them in will be in the White 
House. The procedure is that any 
German must first be certified by the 
Secretary of the Army, Navy, or Air 
Force as a man needed here “in the 
interests of national security.” The 
Atomic Energy Commission is also said 
to be interested in nuclear scientists. 
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So far, the Commerce Department's 
Office of Technical Services has 
requests for about 200 German scien- 
tists, besides requests for those Ger- 
mans who are here now under Army 
custody. Of those in Germany, per- 
haps 40 or 50 at most would be of 
sufficient stature to pass the test of 
being necessary to the national security 
of the United States. 

Some _technicians—for instance, 
glass blowers wanted by instrument 
manufacturers—may pass the severe 
screening, but it is believed the bulk 
will be scientific personnel with out- 
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standing and proven abilities in new 
fields of fundamental and applied 
research. 

Visas are likely to go first to some 
of the 300 to 400 Germans here, now 
working on Army and Air Force 
research projects. 

The State Department is said to 
have been impressed by the uniformly 
favorable reaction of military officials 
who have had Germans working for 
them, by the fact that there has been 
no bad publicity recently, and by the 
small number of Germans it is esti- 
mated would be involved 


Commercial and University Research Reactivated 


Gases for Finishing 

Steel Products Investigated 
Injection of industrial gases into 

molten metals, oxyacetylene cutting of 


steel while the metal is still hot and 
surface-conditioning of stainless steels 


are examples of the research in progress 


at the new Murray Hill, N. J., Ap- 
paratus Research Laboratory of the 
Air Reduction Sales Company. 

The work of the laboratory is 
divided into two general stages 
primary research into basic physical 
and chemical phenomena underlying 
industrial production, and develop- 
ment of these findings into new ap- 
paratus, machinery and processes or 
improvements of existing processes 
and apparatus. Among the various 
equipment and processes designed and 
studied are those pertaining to all 
forms of both gas and arc welding, 
oxygen cutting of metals, handling, 
controlling, and combustion of the 


TESTS OF OXYGENATED FUEL FLAMES at Airco Research 
Laboratory to discover usefulness in steel and steel alloy melting steel parts; scarfing to remove surface defects at Airco Research 
Laboratory. 


I cesses. 


atmospheric gases and gas condition 
ing of metals in the refining and 
rolling stages. 

A recent application of oxygen in 
the steel industry involves the cutting 
of hot blooms and billets. The usual 
practice is to cut hot blooms mechani- 
cally with a shear. The duty of such a 
shear is heavy because every bloom is 
cropped on both ends several times 
until sound metal has been reached, 
and many blooms are cut into two or 
three parts after rolling. The cost of 
maintenance of the mechanical shears 
and the cost of the replacement shear 
blades, is substantial. 

Replacement of hot cut-off shears 
by oxygen cut-off machines appears to 
be advisable. However, the economy 
of the substitution is contingent upon 
the ability to make cuts at speeds ap- 
proximating those of the shear, and 
research efforts are directed at speed- 
ing up the oxyacetylene cutting process. 

Surface imperfections or ordinary 
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steels have been removed by scarfing, 
a process that removes a thin layer 
from the surface of the metal by using 
an oxyacetylene flame. Until recently, 
this process was not applicable to the 
stainless steels because of the refractory 
nature of the oxides formed and it 
was necessary to remove defects by 
chipping and grinding. The scarfing 
of stainless steels has become possible 
through the use of a flux, injected into 
the oxygen stream, which has the prop- 
erty of reducing the melting point 
of the refractory oxides formed. 
Less spectacular, but of equal im- 
portance to the industries involved, 
has been the development of inert gas 
applications, using nitrogen or hydro- 
gen as a base, for the protection of 
metals during heat treating. In the 
manufacture of tin plate for the can- 
ning industry, in the production of 
high silicon transformer steels for the 
electrical industry, and in the making 
of high grade alloy steels for the 





A FURTHER USE OF INDUSTRIAL GASES in finishing stainless 
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automotive industry, protective atmos- 
pheres are playing an increasing role 
in improving product quality. 

Further research on inert gas- 
shielded arc welding has demonstrated 
its versatility for fabricating most of 
the ferrous and non-ferrous metals and 
alloys. This has led to the develop- 
ment of an improved water-cooled 
heavy-duty manual holder and the 
recently introduced heavy-duty ma- 
chine holder and fully automatic 
apparatus. 

Because of the specialized nature 
of this research work, most of the 
laboratory space is serviced with out- 
lets carrying high and low pressure 
oxygen, acetylene, nitrogen, city gas, 
compressed air and 440 v three-phase 
and 110 v single-phase electric cur- 
rent, and hot and cold water. 


Manufacturing Research 
Separated from Production 


Manufacturing research, a newly 
created department in the International 
Harvester Company’s research build- 
ing located at 5225 South Western 
Blvd., Chicago, IIll., has been segre- 
gated from all other company opera- 
tions. The department is divided into 
eleven main sections, each with its own 
supervisor, research staff and group 
of technicians. Sections can study 
phases of a problem or do individual 
research. 

The objectives of the department 
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are: To investigate company manufac- 
turing methods and problems, to de- 
velop manufacturing standards, and 
to keep abreast of all developments in 
the manufacturing field. This research 
activity will seek the most economical 
method of manufacture for products 
already in production and will at- 
tempt to discover the most economical 
method of manufacturing new or im- 
proved products. 

The data accumulated through re- 
search will be classified, codified, and 
made available to all company activi- 
ties. The standards thus set up will 
serve to establish uniformity of prac- 
tice and method from plant to plant 
within the Harvester Company. 

Projects undertaken by the manu- 
facturing research department originate 
from three main sources: (1) The 
Harvester organization sales depart- 
ments, manufacturing plants and other 
research groups within the company; 
(2) the department itself proposes 
projects when it sees opportunities for 
improvement; (3) ideas and prob- 
lems as indicated by other industries, 
technical literature, schools and uni- 
versities and other research organiza- 
tions. 

When a product is to be studied, the 
assembly is completely dismantled, the 
parts are laid out for inspection, and 
each part is labelled with the current 
cost of manufacture and a description 
of the material used. From this time 
on, research investigators confer on 


HAY BALER in background is about to be dismantled by the teardown section as a pre- 
liminary to laying out the machine part by part for inspection. Tables in foreground 
hold parts of a dismantled machine ready for process engineers to examine and discuss. 
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possible substitutions of parts, proc- 
esses or materials. After the ideas have 
been screened, the more promising are 
placed under development. 
Throughout the investigation the 
manufacturing research department 
will attempt to arrive at costs under 
manufacturing conditions—may even 
simulate production runs to ascertain 
costs. The research will move grad- 
ually from a position of estimated costs 
to actual costs for the newer process. 


University Research in 
Guided Missile Control 


Hydraulic valve systems that are ele- 
ments of servomechanisms are two of 
the new projects being investigated 
at Yale University. Yale now has four 
research contracts, in conjunction with 
the General Electric Company guided 
missile program for the U. S. Army 
Ordnance Department. 

Hydraulic systems possess many ad- 
vantages over other controls, including 
electrical, because the hydraulic fluids 
cannot be compressed readily and give 
fast response. 

Hydraulic devices now _ control 
guided missiles, airplane guns, and 
flight surfaces of aircraft, because they 
occupy less space and have less weight 
than other control devices. The Yale 
research is concerned with improving 
the accuracy and speed of response of 
these controls. 

One of the theoretical investigations 
concerns the irregular characteristics 
of throttling valves in servomecha- 
nisms. The other project concerns theo- 
retical and experimental characteristics 
of electrically-driven hydraulic valve 
systems. 

This research ties in directly with 
the graduate educational and research 
programs instituted by the Department 
of Electrical Engineering. The servo 
mechanisms programs were instituted 
more than a year ago. 


Research Problems 
Discussed at Conference 


The first of what may prove to be 
an important new type of annual 
scientific meeting, the Conference on 
the Administration of Research, was 
recently held at the School of Engi- 
neering, Pennsylvania State Colleg« 
Ninety-six of the nation’s research and 
development activities were  repre- 
sented; including 42 universities, 42 
industrial plants and 10 government 
laboratories. The fields of research 
activity represented covered a wide 
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range of scientific problems. This con- 
ference presented the opportunity for 
free interchange of valuable expe- 
rience from a comprehensive cross sec- 
tion of the country’s research activities, 
educational and industrial. 

A number of eminent researchers 
presented papers before the meeting 
in an effort to reach agreement on the 
policies that should be followed by re- 
search organizations in the dissemina- 
tion of information. Other papers 
were presented in an effort to estab- 
lish the correct organization for re- 
search projects. 

A substantial interest in continuing 
this type of conference was exhibited 
in the discussion of the papers. How- 
ever, a lack of uniform definitions of 
management units such as “‘cost per 
project worker’, “ratio of service 
staff’, “direct labor’ and “‘overhead’”’ 
makes comparison between laboratories 
even more difficult than is to be ex- 
pected because of variation in types 
of research and size of project. It was 
apparent that industrial and university 
laboratories were not solving their re- 
search problems any faster than gov- 
ernment laboratories. 

Among the common management 
problems are found such items as the 
achievement of adequate recognition 
for research in comparison with man- 
ufacturing, sales and financial opera- 
tion, and recognition of scientific ac- 
complishment to prevent loss, through 
resignation, of the research staff. It 
is also believed necessary to have ad- 
equate funds allocated to research 
without control from manufacturing, 
sales or operating departments. 

Of more significance than the prob- 
lem discussion was the expressed de- 
termination to find solutions and to 
exchange experience. There appeared 
to be uniform recognition of the fact 
that the financial future of industrial 
concerns depends largely on the re- 
sults obtained from their research. 





ai 
Award to Dr. DuBridge 


A 1947 award of the Research 
Corporation of New York for out- 
standing scientific achievement went to 
Dr. Lee A. DuBridge, President of the 
California Institute of Technology. 

Dr. DuBridge was chosen to receive 
this award, which carries with it a 
plaque and a 2500-dollar honorarium, 
“for his outstanding scientific achieve- 
ments in directing the Radiation Lab- 
oratory of the Office of Scientific Re- 
search and Development in the field 
of microwave radar research, develop- 
ment and application to national de- 
fense,”” Dr. Joseph W. Barker, Re- 
search Corporation President, stated. 

Chosen in 1940 to head the Radia- 
tion Laboratory at the Massachusetts 
Institute of Technology, Dr. DuBridge 
served as its Director until January, 
1946. Out of research and develop- 
ment work done there during the war 
came the “know how” in microwave 
radar that enabled the United States 
to lead the world in its applications. 


Aluminum Widely Used In German Industry 


UsING ALUMINUM INSTEAD of lead for 
sheathing relatively large signal cables 
is one of a number of practices in the 
German aluminum fabrication indus- 
try described in a report issued by the 
Office of Technical Services, Depart- 
ment of Commerce. 

Even though the German aluminum 
fabrication industry is several years 
behind its American counterpart the 
Germans have done much construc- 
tive and sound thinking in solving 
specific production problems, accord- 


ing to the report. The report was pre- 
pared by Conrad F. Nagel Jr. chief 
metallurgist, Aluminum Company of 
America, Pittsburgh, Pa. and two 
other investigators, B. C. McFadden 
and G. C. Welty, who studied the 
German industry under OTS. 

Lead sheathed cable, the report ex- 
plains, is made by extruding a coating 
of lead of desired thickness around 
the insulated bundle of wires. In the 
process the lead, as it moves through 
an extrusion press, changes its direc- 
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tion of flow a complete 90 degrees, and 
while doing so, flows through chan- 
nels. Because of the very high ‘plas- 
ticity of the lead, the change in direc- 
tion is not a problem. Aluminum, 
however, is more resistant to plastic de- 
formation. 

German success in substituting alu- 
minum for lead for this purpose is 
based, not on new machine designs, 
the report states, but on the fact that 
the resistance of aluminum to plastic 
deformation decreases as the purity 
of the metal increases, and markedly 
so when purities of 99.9 percent are 
reached. The Germans were able to 
produce aluminum of 99.99 percent 
purity and use it for sheathing. 

Even with metal that pure, the extru- 
sion temperature had to be increased 
to 450 C, twice that of lead, and this 
increased the likelihood of damaging 
the insulation. Therefore continuous 
extrusion, as with lead, is not em- 
ployed. Instead a preheated aluminum 
ingot is placed in the press and ex- 
truded. When that is extruded the 
cable is cut. The maximum single 
length that can be made is limited by 
the weight of a single ingot. At the 
Siemens-Schuckert firm in Berlin a 
conventional type press is used with 
total pressure of 3,140 tons. The ingot 
is 7.87 inches in diameter and 43.3 
inches long. 

Presses up to 30,000 tons were used 
for forgings in Germany, as compared 
with the largest press used in Ameri- 
can light alloy fabrication during the 
war of less than 5,000 tons capacity. 
In America large forgings, such as 
propeller blades and engine mountings 
were produced on steam hammers. 
But in Germany hydraulic forging 
presses were used, probably because 
of the substantial production of large 
magnesium base alloy forgings, the re- 
port states. The German presses cost 
from $5,000,000 to $10,000,000 each. 

Mimeographed copies of the 31 
page report (PB-78274) are $1. 
Orders should be addressed to the 
Office of Technical Services, Depart- 
ment of Commerce, Washington 25, 
D. C., and should be accompanied by 
check or money order, payable to the 
Treasurer of the United States. 


American Technical Mission 
Established in London 


The importance of engineering 
advances in international affairs was 
emphasized recently when the United 
States established a mission on technol- 
ogy and science at the American 
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embassy in London. Its task is to 
facilitate exchange of scientific in- 
formation and personnel between the 
United States and Great Britain. If 
it proves as successful as is expected, 
it will probably set a pattern for 
similar organizations in other Ameri- 
can embassies throughout the world. 

Staff of the London group—now 
headed by Dr. Earl A. Evans, Jr., of 
the University of Chicago—will total 
twelve. Four will be permanent mem- 
bers whose primary interests will be 
in the fields of engineering, physical 
chemistry, organic chemistry and _bio- 
chemistry. Four “rotating’’ members 
will work in the field of medicine and 
four in non-medical biology. 

The primary attention of the group 
will be devoted initially to funda- 
mental research and, though its first 
function is to serve the government, 
it is expected that it will maintain close 
contact with the National Academy of 
Sciences The Office of Technical 
Services of the Dept. of Commerce will 
serve as channel through which private 
organizations in this country may con- 
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tact the London scientific information 
group. 

In announcing establishment of this 
new departure in American diplomatic 
representation, John Steelman, Assist- 
ant to the President, said the move 
was inspired partly by the successful 
operation of the British Common- 
wealth Scientific Office in this country. 


“Tie-In” Patents Ruled 
Illegal by Supreme Court 


Use of patented machines which 
are leased to users of a company’s 
product may be seriously affected as 
the result of a Supreme Court decision 
setting forth in some detail the limits 
to which a raw material producer may 
“tie in’” product with such machines. 

The Supreme Court has voted 
unanimously that the International 
Salt Company’s contract with industrial 
users of its ““Lixator’’ machine for dis- 
solving rock salt into brine was 
illegal when the lease of the machine 
was made contingent on the user's 
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purchase of salt (an unpatented 
product) from International Salt Co. 

International Salt had agreed to 
furnish the grade of salt desired, at a 
price competitive with that offered by 
any other producer. Nevertheless, the 
Court held that patents on salt-dissolv- 
ing equipment conferred no right to 
restrain the use of, or trade in, un- 
patented salt. Thus, International’s 
contract violated the anti-trust laws, 
and the patents on the machine pro- 
vide no immunity. The fact that the 
user of the particular machine had the 
option under the contract, of buying 
in the open market—when he could 
get salt at a lower price—did not 
impress the Court. 

The Court split six to three on one 
provision of the lower court’s ruling, 
which said the company must offer to 
lease or sell its patented machines to 
any applicant on non-discriminatory 
terms, and that the sale price, rental, 
or royalty must be uniform to each 
for each size or type of machine. The 
majority of the Supreme Court up- 
held the lower court. 


ASME Annual Meeting Highlights Design and Production 


“PRODUCTION FOR PEACE” was the 
keynote of the 68th annual American 
Society of Mechanical Engineers meet- 
ing held last month at Chalfonte- 
Haddon Hall, Atlantic City, New 
Jersey. The importance of the meeting 
was indicated by the large proportion 
of the 23,000 members attending 80 
technical sessions, where some 240 
speakers presented papers and dis- 
cussions. 

Machine design, metals engineering, 
fuels, plastics and rubber, and hydraul- 
ics were covered. These sessions were 
not limited to purely technical discus- 
sion, but introduced many of the social 
problems connected with rebuilding a 
peaceful world. Problems ranged from 
control, both physical and idealogical, 
of nuclear forces to the desires and 
needs of producing employees. 

ATOMIC ENERGY 

David E. Lilienthal, Chairman, U.S. 
Atomic Energy Commission, outlined 
the Commission’s functions, in its po- 
sition as trustee for the people of the 
United States, as: Exploration for, and 
mining and transporting of raw ma- 
terials; production of uranium with 
required purity ; separation of the “‘rare”’ 
atom (U-235) from uranium; addition 
of nuclear reactors to natural uranium 
to produce plutonium, and production 
of atomic weapons. He said that atomic 
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energy is a huge, going industry, open- 
ing a vast field of technical knowledge, 
and demanding sufficient public inter- 
est from which to form a policy for 
control. 

Mr. Lilienthal made clear that secrecy 
must be used intelligently and must not 





Serving 


NEW PRESIDENT OF ASME 
the American Society of Mechanical Engi- 
neers in 1948 is E. G. Bailey, vice-president 
and chairman of the board of the Babcock 
and Wilcox Company. Mr. Bailey has de- 
veloped over 100 inventions, including fluid 
meters, boiler meters, automatic combustion 
control, and pulverized coal feeders and 
burners. He is the author of many papers 
on fuels, combustion and power develop- 
ment. He succeeds Eugene W. O'Brien of 
Atlanta 
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impair technical development of nu- 
clear energy. As an example, he showed 
that release of the Smyth report was in 
our best interest. 


MACHINE DESIGN 


The executive committee of the Ma- 
chine Design Division, elected for the 
coming year, consisted of G. F. Nor- 
denholt, Editor of PRopUCT ENGINEER- 
ING, chairman; T. Githem, Cleveland 
Twist Drill Co., secretary; L. F. Nen- 
ninger, Cincinnati Milling Machine 
Co. : Colin Carmichael, Associate Editor 
of Machine Design. A new member on 
the committee, elected to fill a vacancy, 
was B. J. Wolfe, Eastman Kodak Co. 
Mr. B. P. Graves, member of the Ad- 
visory Committee for the Machine 
Design Division, was presented with 
a Certificate of Merit by the President 
of ASME, for his splendid work as 
chairman of the Machine Design Com- 
mittee in the previous year. 

Featuring the first Machine Design- 
Production Engineering Joint Session 
was a panel discussion on design for 
production. F. O. Hoagland, Pratt and 
Whitney Division, Niles-Bement-Pond 
Co., gave a discussion of the impact of 
new machine tools on economical de- 
sign, as reflected by the recent Machine 
Tool Show in Chicago. He pointed out 
the necessity of taking the fullest ad- 
vantage of faster machining practices 
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in designing parts. In a talk on ‘Coil 
Redesign for Production’ C. Cuthbert- 
son, Western Electric Company, gave 
an interesting demonstration, with the 
aid of slides, of savings gained from 
the use of aluminum extrusions, special 
moldings and design simplification. 
A.F. Murray, Works Manager, Electro- 
lux Corporation, showed slides which 
compared old and new designs of parts 
for vacuum sweepers, and especially 
interesting example was shown of an 
assembly, which by ingenious redesign 
had been reduced by three parts. 

In three other papers presented in 
this panel, it was stressed that the arti- 
ficial barrier which has grown up be- 
tween the engineering department and 
the production department has done 
more than any other single factor to 
retard the continued reduction of costs 
that is essential to profitable manufac- 
ture. One important factor to be con- 
sidered in designing for economical pro- 
duction is “when who does what,” rather 
than considering various functions as 
subordinate to the organizational setup. 
Also emphasized was the production- 
design objective of simplification and 
standardization of designs, resulting in 
improvement in methods, These three 
papers were by G. C. Landis, Vice 
President and Chief Engineer, the 
Lincoln Electric Co., P.C. Smith, West- 
inghouse Electric Corp., and L. M. 
Clement, Director of Research and En- 
gineering, Arco Manufacturing Corp. 

In the second Machine Design ses- 
sion, two excellent papers on cam de- 
sign were presented by J. A. Hrones, 
Associate Professor of Mechanical En- 
gineering, Massachusetts Institute of 
Technology and L. M. Baxter, Jr., me- 
chanical engineer, Gleason Works. Pro- 
fessor Hrones described a_ general 
method of analysis which can be ap- 
plied to any cam design problem. Mr. 
Baxter presented formulas for cam 
curvatures of flat and circular followers. 

At the third Machine Design session, 
R. L. Templin, Research Laboratories, 
Aluminum Company of America, ex- 
hibited a dramatic motion picture which 
showed a new lathe for the high speed 
machining of aluminum. The machine 
funs at 9,000 rpm and is driven by a 
special 80 hp motor. Most of the horse- 
power is consumed in overcoming fric- 
tion. ¢ utting speeds ranged from 5,000 
to 20,000 fpm. Conrad Jobst, Owens 
Brush Co., in a paper on ball bearing 
Slides, showed that sliding friction had 
been reduced to a remarkable degree in 
a preloaded slide mechanism, Using a 
brush-making machine as an example, 
the result was greater precision in the 
Product, lower cost and longer life of 


-— 


H L I G H 


the machine. Robert H. Clark, Warner 
and Swasey Co., showed how automatic 
electrical control of spindle function, in 
place of manual control, not only in- 
creased output but also made unneces- 
sary a high degree of skill and effort on 
the part of the operator. 


MANAGEMENT 


An interesting session of the man- 
agement division featured two papers, 
“Predesign Research As Applied to 
Product Development’”’ by A. Van 
Doren and Roger L. Nowland; and 
“User Research as a Tool in Develop- 
ing New Industrial Products,’ by 
Ernest E. Wachsmuth, James O. Peck 
Co. Mr. Van Doren discussed predesign 
research as applied to consumer prod- 
ucts, while Mr. Wachsmuth discussed 
its relationship to industrial products. 
Both papers provoked much discussion, 
centered around details of methods em- 
ployed. Also discussed was the import- 
ance of packaging in the marketing of 
consumer products. Both papers stressed 
the importance of standards and manu- 
facturing considerations in design. 


PLASTICS AND RUBBER 


Two crowded sessions of the Rubber 
and Plastics Division held the interest 
of engineers concerned with materials. 
Application of plastic tooling in air- 
craft and other industries as an effective 
adjunct to existing methods was fore- 
cast by Lawrence Wittman of the Re- 
public Aviation Corp. Mr. Wittman 
described the technique of low pressure 
molding in the production of glass fiber 
plastic tools. The advantages of this 
method are speed, low cost for small 
production, and flexibility. 

Of special interest was a symposium 
on non-metallic bearings. A. Bednar, 
Lucien Q. Moffit, Inc., described the 
design and application of soft rubber, 
water-lubricated bearings. These are 
used on pumps and hydraulic turbines. 
H. V. Townsley, Lignum Vitae Prod- 
ucts Corp., discussed bearings made of 
this naturally-occurring hardwood ; their 
main use is in slow speed, non-prect- 
sion bearings. L. E. Cauldwell and John 
Boyd, Westinghouse Electric Corp., ex- 
plained properties and applications of 
bearings made from high pressure 
phenolic laminates. Mr. R. D. Smiley, 
E, J. Willis Co., described a rotary rub- 
ber bearing, which is grooved for un- 
derwater use, when sand is present. 

Advances in plastics and rubber dur- 
ing 1947 were described in two papers 
by J. W. Underwood, General Electric 
Co.; and by V. A. Cosler and S. W. 
McCune. Rubber Chemicals Div., E. I. 
du Pont de Nemours & Co. 
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MEETINGS 


January 12-16 
Society of Automotive Engineers 
Annual Meeting, Hotel Book Cadil- 
lac, Detroit, Mich. 


January 12-16 

National Materials Handling Ex- 
position—Public Auditorium, Cleve- 
land, Ohio. 


January 15-16 
Society of the Plastics Industry 
-Annual Conference and _ Exhibit, 
Low Pressure Division, Edgewater 
Beach Hotel, Chicago, III. 


January 21-22 

Plastic Molders and Fabricators 
Clinic—Sponsored by New York 
State Department of Commerce and 
Brooklyn Polytechnic Institute. En- 
gineering Societies Building, 39th St., 
New York, N. Y. Invitations avail- 
able from New York State Dept. of 
Commerce, Bureau of Industry, 112 
State St., Albany, N. Y. 


January 21-23 

Society of Plastics Engineers—Na- 
tional Technical Conference, Rackham 
Memorial Bldg., Detroit, Mich. 


January 26-29 

Refrigeration Equipment Manu- 
facturers Association — Refrigeration 
and Air Conditioning Exposition, 
Cleveland, Ohio. 


January 26-29 
Institute of the Aeronautical 


Sciences—Annual Meeting, Hotel As- 
tor, New York, N. Y. 


January 26-30 
American Standards Association 
Seminar on Standardization, Dr. 
John Gaillard, Engineering Societies 


Bldg., 29 W. 39 St., New York, N. Y. 


February 2-6 

American Society of Heating and 
Ventilating Engineers— International 
Heating and Ventilation Exposition, 
Grand Central Palace, New York. 


March 1-6 

American Society of Mechanical 
Engineers Spring Meeting, New 
Orleans, La. 
March 22-24 

Chicago Technical Societies Coun- 
cil—Chicago Production Show, Hotel 
Stevens, Chicago, III. 
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ew Qzalid Streamliners 


Now Available 


For Immediate Delivery 


Now, you can order—and promptly receive—a new, moderately 
priced print-making unit that gives you these 5 new advantages at 


no extra cost: 


1. SPEED. In 25 seconds an Ozalid Streamliner reproduces 
your engineering drawings...or anything typed, drawn, 
printed or photographed on translucent paper. 


2. EFFICIENCY. You always get an exact-size positive (not 
negative) copy direct from your original ... produced in 2 
quick steps— Exposure and Dry Development. 


3. ECONOMY. An 81” x 11” print costs you less than one 





and a half cents per copy. 


4. VERSATILITY. The lines and images on your original can 
be reproduced in black, blue, red, sepia, yellow...on paper, 
cloth, foil, film, or plastic. 


5. SIMPLICITY. Anyone can be the operator. Place your orig- 
inal on Ozalid paper and feed into the Streamliner; that’s 
95% of the job. 














Now an easy desk job. You remain seated, relaxed. All 
controls within easy reach. Prints are delivered on top, com- 
pletely dry. Another advantage: You can install your Stream- 
liner in any drafting room or office. Only 6 square feet of 
floor space is required. 


Expanded Production Facilities Now Permit 
immediate Delivery 


Thousands of Streamliners already installed. The following 


list is a typical cross-section of users: 


Montgomery Ward Co. 

New York Central Railroad 
Northern Pacific Railway Co. 
Pan American Airways, Inc. 


Armstrong Cork Company 
Bethlehem Steel Corp. 
Bloomingdale Brothers 
Bulova Watch Company 
Chris Craft Corporation 
Chrysler Corp. 


Paramount Pictures, Inc. 
Parke, Davis & Co. 
Pittsburgh Plate Glass Co. 
Remington Rand 


Columbia Broadcasting System 
Dun & Bradstreet 

E. I. DuPont 

General Electric Co. 

General Motors Corp. 


Scovill Manufacturing Co. 
E. R. Squibb & Son 
Standard Oil Co. 

Swift & Co. 

Westinghouse Electric Co. 


International Harvester Co. 
Lever Brothers 
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bad eal 
A minute ago—engineering drawings. Now she’s produc- 
ing beautiful Ozalid Dryphotos in seconds, in exactly the 
same manner. Note the size: Ozalid prints can be up to 42” 
wide, any length. You can reproduce advertising posters, 
accounting reports— the work of all departments. 


MAIL COUPON TODAY FOR FREE BOOKLET 


02 A LI D Division of General Aniline & Film 


we 
| DEPT. No. 370 
| 
| 
| 


Corporation, Johnson City, New York 


Gentlemen: Please send free, 24-page, illustrated booklet. 
showing all of Streamliner’s uses and 10 types of Ozalid 


| 
| 
| 
| 
| 
prints. | 
| 
Name ! 
Position | 

| 
Company | 

| 


Ozalid in Canada — Hughes Owens Co., Ltd., Montreal 
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PRODUCT ENGINEERING 


THIS TABLE has been prepared to serve as a guide in the 
selection of proper finishes for ferrous and nonferrous metals, 
as applied in machine design. Only the most commonly used 


SR ORO} Gane s bon ome 


REFERENC 





Finish Application Table 


ZOLA FOX 


Engineer, Rocket Section, Curtiss-Wright Corporation 


of finishes. 
Occasionally finishes are applied to obtain certain surface 
properties such as 


corrosion is the principle objective of all types 


abrasion resistance, reflectivity, good ap- 









































































































































finishes are tabulated. The type of alloy used, and the con- pearance, or to form a good base for holding paint. Various 
ditions of actual application of the machine part generally remarks of limitation should be interpreted as representing 
govern the choice of finishing process. The prevention of current good practice. 
MATERIALS APPLICATIONS REMARKS 
Aluminum Alloy...... po. re An electrochemical oxidation surface treatment, f proving cor esistance; t electro 
plating process. For riveted emblie pecify chromic ac anoclizing Do t anodize 
parts with non-aluminum insert Colors vary: yellow-green, gray k 
“Alok” mentee Ch emical lip oxide treatment. Cheap. Infe rasio id « esistance the iziz 
proce » but applicable to assemblies o i 4 it teria 
Ma gnesiur Alloy owen Dichromate treatment C orrosion preventative dichromate dip. Yellow « r 
Stainless Stee! [ree Passivating treatment... Nitric neta immunizing dip. 
Bes tao.d Sucve aia ee aes Cadmium............. Electroplate, dull white color, good corrosion resistance, easily scratch f thre ti-seize Poor 
wear and galling resistance. 
| Chromium: .......550- Electroplate, excellent corrosion resistance and lustrous appearance. Re¢ é expe é specify 
- hard chrome plate for exceptionally hard abrasion resistant surface Ha C ent iction. 
Used to some extent on non-ferrous metals particularly when dic t. Chrome plated objects usually 
receive a base electroplate of copper, then nickel, followed by chror Used for build-up of parts 

— that are undersized. Do not use on Pe arts with deep recesses. 

IC- Se er ea er NE dip siawacawiats ts mmersion of cleaned aod polished steel into heated saltpeter or cart o1 te Part ther 

h rubbed with linseed oil. Cheap. Poor corrosion resistance. 

Q 

” Siiver Plate... . <0. Electroplate, frosted appearance; buff to brighte Tarnishes re ( g § For 

- } electrical contacts, reflectors. 
| —————— 

TS, | WANS BIAS gods cca secs Dip in molten zinc (galvanizing) or electroplate of low carbon or low alloy ste« Low cost. Generally 
| inferior to cadmium plate. Poor appearance. Poor wear resistance electroplate etter 
adherence to base metal than hot dip coating. For improving corrosion resistance c plated parts 
| are given special inhibiting treatments. 
| ae ee 77 es 9h genes A agg rer : 
| Nickel re Electroplate, dull white. Does not protect steel from galvanic corrosio plating i ken, cor 
| rosion of base metal will be hastened. Finishes in dull white, polished or black. Do not use on parts 

a | with deep recesses. 

| Black Oxide dip........ Non-metallic chemical black oxidizing treatment for steel, cast iron a1 wrought irc Inferior to 
| clectroplate. No build up. Suitable for parts with close dimensional requirements as gears, worms 
| and guides. Poor abrasion resistance. 
| Phosphate treatment.... Non -metallic chemical treatment for steel and iron 1 products. Suitable for protecti internal sur- 
l faces of hollow parts. Small amount of surface build up. Inferior t etallic electroplate. Poor 
} abrasion resistance. Good paint base. 
| | | Tin plate ee ewe a Hot dip or electroplate. E xcellent corrosion resistance, but if broken will not protect steel from galvanic 
corrosion. so used for copper, bra and bronze parts which must be soldered after plating. Tin 
| plated parts can be severely worked and deformed without rupture of platir 
| eee Electroplate of copper and zinc. Applied to brass ar nd steel parts where ppearance lesire 
| Applied to steel parts when bone ng to rubber is desired. 
| CORDOP SIRE. 0.00 0scce00% Electroplate applied preliminary to 1 ri¢ kel or chrome plates. Also for part be brazed or protected 
| against carburization. Tarnishes readily. 
: Copper and Zine Alloys | Bright acid dip Imn lersion of parts in acid solution. Clear lacquer applied to prevent t 
J Brass, Bronze, Zinc Die | Brass, chrome, nickel, tin As discussed under steel. 


Casting Alloys 
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® Manufacturers of a wide variety of 
products are benefitting from Auto-Lite 
die cast research and experience. Solid / Copp. 
engineering, advanced casting methods, Fe Coppx 
proper alloying practices and improved 3 Final 
= Ina 
quality through “controlled metals” have a — 
: . Fs Ch 
made Auto-Lite a logical source of pre- Re — 
- , ‘ * Tot: 
cision die castings. 
THE ELECTRIC AUTO-LITE COMPANY 2. All 
Die Casting Division 
600 S. Michigan Avenue . Chicago 5, Illinois A 
723 New Center Building . Detroit 2, Michigan —_—_— 
Tune in the Dick Haymes Show for Auto-Lite 
Thursdays, 9:00 P.M.—E.T. on CBS een 
Type | 
genera 
CASTING, MACHINING, FINISHING AN Type | 
‘“ 
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Thickness Standards for Nickel Electroplate 


GEORGE BLACK 


The properties of plated coatings are dependent to such an extent upon the thickness of 
the deposit, that proper design consideration must include reference to the thickness 
required. Specification has been simplified by the creation of standards and standard 
ae designations. The tabulation below covers the chief sources for nickel plating standards. 


3. AUTOMOTIVE STANDARDS 


A Compilation: 


1, AMERICAN SOCIETY FOR TESTING MATERIALS 


A.S.T.M. Designation: A 166-45T 
Base Metal: Steel 








Thickness, 
inches (min.) 


Base Metal Type 


Thickness of Coating in inches (min.) 
DS. | FS. | KS. | QS. 

“| 0.0020*| 0.00125| 0.00075] 0.0004 
0.0010 | 0.0006 | 0.0004 | 0.0002 

0.00001 0.00001] 0.00001] 0.00001 


* When copper is used in excess of a thickness of 0.0001 in., its 
minimum thickness shall be 0.00075 in. 








Type ; 
Extreme Service 








a \atiat 
Copper plus nickel Ferrous General Exterior | 
; 





Final nickel Interior 





Exterior 








Chromium (if required) 





Interior 





Exterior 








I i ion: 5 Zinc die castings ait 
A.S.T.M. Designation: B 141-45 0 00024 


Base Metal: Copper and Copper-Base Alloys Interior 














Normal procedure is to apply a thin coating (0.00001 in.) 
of chromium over the nickel deposit. Copper undercoats, 
in accordance with A.S.T.M. recommendations, are gen- 
erally used on ferrous metals and on the zine die-castings. 





Type 


pa of Coating, inches (min.) 


F.C, K.C. | 
0.0003 


0.00001 


Q.C. 
0.0005 0.0001 
0.00001* 0.00001 


*Chromium coatings should be held close to the minimum thickness 








Nickel 











Chromium (if required) 








A.S.T.M. Designation: B 142-45T 


Base Metal: Zinc and Zinc-Base Alloys 





Type 


Thickness of Coating, inches (min.) 





F.Z. 


K.Z. 


Q.Z. 





Copper plus nickel 


0.00125 


0.00075 


0.0005 * 





Copper minimum 


—_— 


0.0004 


0.0003 


0.0002 





Final nickel 


0.0005 


0.0003 


0.0003 





Chromium (if required) 








0.00001 


0.00001 





0.00001 





* Total of 0.0003 inches if alternative of nickel only is used. 





2, AIRCRAFT STANDARDS 


AN-P-34.a: 


_ 





Type 


—_— 


Base Metal 


Thickness, 
inches (min.) 





Type I, Decorative and 
general service 


_—. 


Ferrous 


Non-Ferrous 


0.001 
0.0005 








Type II, severe service 


__ 


Ferrous 


Non-Ferrous 





0.003 
0.003 











Propuct ENGINEERING — January, 1948 


4. BRITISH STANDARDS INSTITUTION 


B.S. 1224:1945 
S = Steel Base C = Copper and Copper Alloy Base 





Thickness, 
inches (min.) 
on significant 

surface 


Average 
Thickness 


Classification and 
Description 





Ni 8S]. ca 0.0008 
Severe outdoor conditions | 
or extra hard wear 


Ni 6C 
Ni 5S 
Ni 3C 
Ni 3S 
Ni 2C 
Ni 2S 
Ni 1C 





Normal outdoor con- 
ditions, or hard in- 
door wear 





0.0003 


Ordinary indoor con- 
ditions 





0.0002 


0.0002 


0.0001 





Barrel-plated articles 














* Thickness may be a composite deposit of nickel and copper, pro- 
vided that the final deposit of nickel is at least 50% of the total 
thickness. 


Note: Where chromium coatings are required they shall correspond 
to an average thickness not less than 0.00002 in. 
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big advantages 
wilt Thee wed apriteg were 


If you can use stainless steel spring wire to advan- File 
tage you'll want to know about the many excellent Indi 
properties of new Armco Special 16-2 Spring Wire. Mix 

Special mill processing gives this new spring wire 
exceptionally high elastic properties and low drift. 
Its elasticity is indicated by these data: 





Wire Diameter, Proportional Limit in Tension 
Whe o ; Inch 1000 psi 
Vdd te gtoed your pcduia 0365 264 
7 .060 206 
.291 170 


Low Permanent Set 





High Elastic Properties 
9 P Another outstanding characteristic of Armco Special 


High Tensile Strength 16-2 Spring Wire is its low permanent set at ele- 


High Torsional Strength 


vated temperatures. How well this special wire 


High Fatigue Resistance maintains load-carrying properties at elevated tem- 


a peratures is revealed in these comparative tables: 








Low Permanent Set Stress 40,000 psi Temperature 650° F. 
Low Elastic Drift Siti — ay se a 
Good Corrosion Resistance wt A mann 
Music Wire 40.0% No Data 
18-8 Stainless Steel} 14.0 19.0% 
Armco Special 16-2 6.4 6.4 











Armco Special 16-2 Spring Wire is supplied in coils 
or straight lengths, with a standard cold-drawn fin- 
ish or with a lead coat for use on automatic coiling 
machines. Write to the address listed below for your 
free copy of the descriptive booklet ‘‘This New 
Spring Wire Gives Your Products 8 Big Advantages.” 
Other Armco Stainless Steels available for early 
delivery include a wide variety of sheets, strip, 

ae — Ky plates, bars and wire. Just address The American 
— 4 ° Rolling Mill Company, 113 Curtis Street, Middletown, 
> Export: The Armco International Corporation. L 


Weed 


ieemetiian VA ARMCO Stainless Steel Wire | .. 
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NEW MATERIALS AND PARTS 





Product Manufacturer Page 
Actuator, Right Angle....... Airborne Accessories Corp s inlaws aro 
Amplidyne, Bocuwenic ere General Electric Co............ «hee 
Analyzer, Fluorescence. . . North American Philips Co. Inc 168 
Pe ae eee .....Wavis Emergency Equipment Co. Inc. 174 
Block, Terminal .......... ..Curtis Development & Mfg. Co...... 174 
Camera, Recording . 4 airchild Camera & Inst. Corp....... 165 
Cement, Bonding ............ F. Goodrich Chemical Co......... 180 
Chart Mover, Muiti. Speed a & Gorrell......... . . 
CE, IED 5 a5 n:0-0-0:0:0-0:0:04 50 Ohmite Mfg. Co... Sees 17 
Clamps, Suspension ...........Electric Fittings Foundry. eccerrr es 
Re The Omicron Co. Tr 
ee eer Aircraft Marine Products, me 
Ee er Carboloy Co., Inc.... 166 
Fan, Axial Flow Pressure ms estinghouse Electric C orp. sea, 
Filter, Venturi Oil...... .. Vickers Inc. .. os TA | 
Gage, Thickness .... 220 o ee Electroflux Co. ......... ... 166 
Indicator, Thrust-Torque .....Hagan Corp. ....... PE 
Insert, Self-Tapping .Roylyn Inc. .. eee os 2 
Miner, Aistsas ...... .Gas Appliance “Service Inc : 166 





Hydraulic Foot Pump 
Lyon-Raymond Corp., 3871 Madison St., Greene, N. Y. 


Compact design and sfmplicity of operation characterize this 
foot pump. Pedal return spring is built inside the pump 
body and release is actuated by lifting the single pump 
pedal. A 15 cu in. ventless oil reservoir, with strainer, per- 

mits mounting in offset positions. Oil relief valve is adjust- 
able over the working pressure range up to 1,500 psi and 
piston is chrome plated for durability. 





L 
Right Angle Actuator 
Airborne Accessories Corp., 
N. J. 
Rotorac is a right angle rotary actuator intended for inter- 
mittent-duty applications requiring low torque for opera- 
tion of screw-jacks, gears, sprockets or similar mechanisms. 


Hillside 


25 Montgomery St., 
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Product Manufacturer Page 
Motor, Small Electric John Oster Mfg. Co 170 
Paper, Photographic Eastman Kodak Co... 182 
Pump, Hydraulic . Miller Hydraulic Eng’ g & Sales 168 
Pump, Hydraulic ; . Hydraulics Diy., Rockwell Mfg. Co. 166 
Pump, Hydraulic Foot .Lyon-Raymond Corp. .. 165 
Pyrometer, Thermocouple Assembly Products Inc 17 
Recorder, Flame : aaa Electro Products Laboratories 170 
Relay, Photoelectric .. ...Control Div., General Electric Co 184 
Resistor, Fuse . ...[nternational Resistance Co 174 
Resistor, High Current ... Ward Leonard Electric Co . 168 
Servo System, Electronic Askania Regulator Co 184 
Socket, Insulating Tube. American Phenolic Corp 182 
Switch, Double Electric Congress Fan & Electric Co 176 
Tester, Strength ..... .. W. C. Dillon & Co. Inc 180 
Valve, Gas ylinder. Security Valve Co . 176 
Valve, Seatless Knowles-Fisher Corp. 172 
Valve, Shut-Off ee eee 178 
Wheels, Embossed Steel ‘Accurate Model & FEng'g Co 178 
Power is transmitted from a 26 v d-c reversible motor 
through compact gearing to the output shaft. External 


adjustable limit switches control the shaft speed and a 
magnetic brake affects instantaneous stopping. A_potenti- 
ometer-type rena transmitter permits convenient remote 
electrical indication of equipment position on a suitable 
instrument at the control point. The output shaft 
furnished with keyway, spline, square or torque. 


can be 





Recording Camera 
Fairchild Camera & Instrument Corp., 
Blvd., Jamatca1, N.Y. 


Designed for attachment to standard oscilloscopes, the 
Oscillo-Record 35 mm camera is equipped to photograph 
still or continuously moving oscilloscope traces. Shutter 
speeds of 1 sec to 1/400 sec are provided for single expo- 
sures. Film speeds for continuous recording are electronic- 
ally controlled and adjustable from 1 to 60 in. per min 
and, by operating a clutch, from 60 to 3,600 in. per minute. 
Oscilloscope traces may be inspected while being photo- 
graphed and hand-written data may be recorded on the 
film. The camera can be loaded with 100, 400 and 1,000 


88-06 Van Wyck 
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ft rolls of 35 mm film. With 100 ft rolls, the camera 
operates from 20 sec at max speed to 20 hr at min speed; 
with 1,000 ft. rolls from 34 min to 200 hours. A footage 
indicator shows the amount of film exposed. 





ellie 2 OPERAS Secs 2% 


Hydraulic Pump 


Rockwell Mfg. Co., Hydraulics Div., 50 Water St., Pitts- 

burgh 22, Pa. 
All operating parts of this vane type double-acting pump 
are maintained in both hydraulic and dynamic balance. 
Mounted on anti-friction bearings, the symmetrical rotor 
assembly carries four equally spaced impeller vanes that 
are geared together in a two-to-one ratio. Each pair of 
diametrically opposed vanes forms two closed compartments 
per rotating cycle. Fixed clearances between vanes, chamber- 
wall and rotor, in conjunction with the liquid being pumped, 
provide capillary sealing between the high and low pres- 
sure areas in the working chamber. Applicable to the 
process and petroleum industries, the pump is reversible 
and non-pulsating and overall operating efficiencies of 85 
to 90 percent are claimed. 





Carbide Facings 

Carboloy Co., Inc., Detroit, Mich. 
Providing high resistance to wear, these cemented carbide 
disks and strips are adaptable for use in a variety of indus- 
tries. The solid disks are used as wear-proof inserts in 
gages, comparators and serve as tool-makers’ flats. Ten 
sizes are available ranging from 3 in. dia x 2 in. thick to 
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1 in. dia x 3/16 in. thick. Disks with the hole find uses 
as sprayer nozzle inserts and as small orifices where extreme 
wear is encountered. This type is made in twelve sizes 
ranging from } in. OD x 3 in. ID x 0.030 in. thick, to 
14 in. OD x 5/16 in. ID x 0.060 in. thick. The carbide 
strips are applied as working surfaces of centerless grinder 
work-rests and stone cutting tools. Strips are available in 
21 sizes varying from 13 in. x 3 in. x 3 in. up to j in. x 3 
in. x 6 inches. 


Thickness Gage 


Scott Electroflux Co., 400 Main St., Waltham 54, Mass. 


Designed for the non-destructive testing of metallic con- 
tainers, vessels and piping while in service, the Electroflux 
measures actual thickness to within + 3 percent. Accuracy 
is unaffected by corrosion, erosfon, pitting or scale forma- 
tion on the metal surface or by the fluid or solid contents 
of the object being tested. This portable equipment com- 
prises a 4-electrode probe, a small 6 v battery for supply- 
ing direct-current to the probe, an electronic voltmeter and 
power supply for measuring the low-voltage output of the 
probe and interconnecting cables. Any electrically con- 
ducting material can be tested, including steel, in thick- 
nesses ranging from 0.125 in. to 2.250 inches. The standard 
Electroflux operates from a 115 v 50-60 cycle power supply 
or from a 6 v battery and draws 40 watts. A built-in battery 
charger is provided. 





Gas-Air Mixer 

Gas Appliance Service, Inc., 

14, Ill. 
This equipment is designed to pre-mix any commercial gas 
with air in any desired proportion and in any quantity within 
the capacity of the unit. Applicable to all types of heating 
processes, the mixer provides close temperature control, 
high heat input, wide turn-down range, high burner pres- 
sure and any desired flame characteristics. The mixture 
ratio is independent of fluctuations in gas pressure of 
changes in output demand. Mixer performance can be 
checked by observation of piston and valve operation 
through an inspection window in the air inlet. Capacities 
of the five available models range from 3,000 to 18,000 
cubic feet per hour. Discharge pressures vary from 28 to 


32 oz with uniform 3,500 rev per minute. (Continued) 


1211 Webster Ave., Chicago 
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Johnson Bronze Sleeve Bearings Give You Every Worthwhile Advantage 





a 
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Ever watch a boat skim through the water? Smoothly, 
quietly, it moves almost without effort. When the 
craft is properly designed it operates on the prin- 
ciple of flotation friction, which cuts resistance to the 
very minimum. 


Sleeve Type Bearings operate on practically the 
same principle. When the unit in which they are in- 
stalled is in motion, a film of the lubricant separates 
the shaft from the bearing. Thus, the only friction is 
within this film . . . between the tiny molecules of the 
oil. As a result, the coefficient of friction is at the 
minimum virtually dependent on the viscosity of the 
lubricant. 

Where the bearing application calls for smooth, 
quiet operation with a low coefficient of friction, 
choose Sleeve Bearings. To get the finest in Sleeve 
Bearings—come to Johnson Bronze. We make all. 
types .. . we are ready to serve you now. 


JOHNSON BRONZE COMPANY 
508 South Mill Street New Castle, Pa. 


BRANCHES IN 
20 INDUSTRIAL 
CENTERS 
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Axial Flow Pressure Pan 


Westinghouse Electric Corp., Sturtevant Div., Hyde Park, 
Mass. 


Built as straight-through or convertible elbow type, the 
Axflo pressure fans can be mounted for either vertical or 
horizontal operation. Applications include machinery cool- 
ing, industrial drying and processing, mechanical draft 
for combustion and dust removal. Furnished with a three 
bladed aluminum alloy wheel, illustrated, or with an eight 
bladed steel wheel, these fans are sturdy, compact and 
simply mounted. Sizes vary from 18 to 72 in., static pres- 
sures from 0 to 3 in. and displacement from 2,000 to 115,- 
000 cu ft per minute. 





Hydraulic Pump 


Miller Hydraulic Engineering & Sales, 3615 Hart, Detroit 

14, Mich. 
Four horizontally opposed pistons reduce pulsations to a 
minimum in this sturdy hydraulic pump that operates 
equally satisfactorily in either direction. Hardened steel 
throws are keyed to the drive shaft and one-piece forged 
bronze connecting rods have ball ends that take the pump- 
ing load on the inside of the piston dome. Built-in relief 
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valves are set to the desired pressure at the factory. At 
1,200 rpm the discharge pressure ranges from 0 to 3,000 
psi and the delivery is from 5.4 to 3.0 gal per minute. 


Fluorescence Analyzer 


North American Philips Co. Inc., 100 E. 42nd St., New 

York 17, N.Y. 
X-ray diffraction techniques are used in the Norelco Geiger- 
Counter Fluorescence Analysis Unit for rapid quantitative 
determination of metal purity, alloy element percentages 
and content of metallic elements dispersed in non-metallic 
carriers. The unit consists of an X-ray generator, a rotat- 
ing indexing holder that carries four specimens, a special 
collimating system, a crystal, a goniometer having a scale 
graduated from 0 to 90 deg and a Geiger-Counter. Crystal 
and counter are positioned by arms that traverse the gonio- 
meter arc. Elements with atomic numbers 20-41 are iden- 
tified with the aid of a rock salt crystal while those elements 
in the 42-50 atomic number range are analyzed with a 
fluoride crystal. A specimen of the unknown is placed in 
one of the four holder positions and specimens containing 
known percentages of the particular alloying elements under 
investigation are placed in the remaining three. In making 
the quantitative analysis, Geiger-Counter and crystal are 
adjusted to values found in tables of reflection angles. The 
specimen holder is rotated and readings are taken on one 
or more of the standardizing samples and then on the 
unknown. By comparing readings and referring to a cali- 
bration chart, element percentages can be figured. 





High Current Resistor 


Ward Leonard Electric Co., Mount Vernon, N.Y. 
Mountable in units of one to four in a single frame and 
in banks, these sturdy, compact Edgeohm resistor units are 
applicable for use as starting, dynamic braking, field dis- 
charge and plugging resistors on d-c or a-c motor controllers 
and for other intermittent-duty high current applications. 
They are also suitable for continuous duty in load banks, 
battery charging, welding and plating rheostats. A con- 
tinuous piece of non-corrosive alloy ribbon wound on edge 
in oval coils is mounted on two steel straps each carrying 
grooved ceramic saddles that space the adjacent turns and 
insulate the element. Clamp type terminals are secured to 
the ends of the coils. For continuous duty these resistors 
are rated at 2,200 watts with resistances from 0.32 to 4.35 
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Good habit for Piping Specifiers 
see the Complete CRANE Line first 





Chances are you won't look any further than __volve piping will go smoothly—thanks to Crane 
Crane for piping . . . because there’s no need to. Co.’s undivided responsibility. 

Whatever your design calls for in brass, iron, When your customer gets the finished machine, 
steel, and alloy piping materials, youcan specify _he’ll be completely satisfied with the flow con- 
from Crane’s unequalled seiection. trol equipment. For he knows that Crane means 

Also, your buyers and storekeepers will find | Quality—quality unexcelled for 90 years. 

their work much simplified when they rely on CRANECO., 8365S. Michigan Ave., Chicago 5, III. 
Crane as the single source of all piping equip- Branches and Wholesalers Serving all Industrial Areas 


ment. Later, when your product is assem- 
bled in the plant, the operations that in- 
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ee eurrty PRESSURE 
RESPONSIBILITY REGULATO 


STANDARD OF QUALITY 


escaei” ww — 


Amesteam Generator 
made by Ames Iron Works 
- . equipped by Crane. 


CHECK 
VALVES 


@ 


BEST FOR TOUGH SERVICE—For throttling and for frequent operation, Crane 
recommends plug type disc globe and angle valves. Extra wide seating sur- 
faces of hard-wearing metals provide maximum resistance to wire-drawing and 
damage by foreign matter. Disc taper permits accurate flow regulation. Made 
in brass in 150, 200, and 300-lb. steam pressure classes. Also in cast and 
forged steel for similar and higher pressures. See your Crane Catalog. 


EVERYTHING FROM... a 


VALVES ¢ FITTINGS 
PIPE *« PLUMBING 
AND HEATING 


FOR EVERY PIPING SYSTEM 


Propuct ENGINEERING — JANUARY, 1948 169 











N E W M A T E R I A 
ohms and with current capacities from 21 to 79 amperes. 
With a duty cycle of 5 sec on and 75 sec off, a single 
resistor is rated at 17,000 watts, based on a 375 C rise. 


| PEAK PRESSURE 


1/1000 
SECONDS 
PER INCH 


PRESSURE 


Flame Propagation Recorder 


Electro Products Laboratories, 549 W. Randolph St., 

Chicago 6, Ill. 
Accurate recordings of the rate of flame propagation in 
internal combustion engines can be made with this Syncro- 
Marker Pressuregraph. Explosion characteristics are clearly 
shown by Oscillograph tracings. Internal pressure can be 
ascertained with respect to crank position or to time. 
Markers at 5 angular degree intervals are shown on the 
trace and time is scaled at 1/1000 sec per inch. The com- 
plete test unit consists of an engine pickup, angular syn- 
chronizer, pressuregraph, syncro-marker and oscillograph. 
Applicable to many types of engines, including diesels and 
the latest jet power-plants, this equipment also permits 
thorough investigation of ammunition explosions, studies 
of fuel efficiencies and displacement of moving parts. 





Self-Tapping Insert 
Roylyn, Inc., 718 W. Wilson Ave., Glendale 3, Calif. 

These self-tapping steel Weg inserts provide threads in 
soft metals, woods and plastics. Two brads driven in longi- 
tudinal grooves along the OD lock the inserts in place. In 
metal installations, the screw or stud will fail before the 
Weg will move; in wood, plastics or rubber, material 
strength itself is the limiting factor. Inserts are installed 
by drilling one hole and are removed by drilling out the 
brads. The shoulder of the special driver stops the inserts 
flush with the surface. 
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Small Electric Motor 


John Oster Mfg. Co., Racine, W1s. 


Known as the type DU-400, this small series wound uni- 
versal electric motor is particularly suited for portable equip- 
ment such as sprayers, engraving machines, eee and 
grinders. Weighing only 2 lb and having a diameter of 2} 
in. and length of 4 in., the motor can be base or strap 
mounted and is available with sleeve or ball bearings. The 
housing is die-cast and the armature is dynamically bal- 
anced. Rated at 1/30 hp at 7,500 rpm continuous duty at 
115 v, this motor operates on a-c or d-c with varying speed 
characteristics. 





Thermocouple Pyrometer 


Assembly Products Inc., Main and Bell Sts., Chagrin 

Falls, Ohio 
The Simplytrol indicating and controlling pyrometer is a 
thermocouple type direct contact making instrument that 
uses no vacuum tubes. The 3 in. scale reads directly in 
degrees Centigrade or Fahrenheit for all thermocouple tem- 
perature ranges. High resistance movements can be cali- 
brated for all thermocouple types. Meter has two platinum 
pointers, one for temperature indication and one for setting 
the desired control point. Contact between the pointers 
actuates the load control switch. For moderate loads this 
switch will directly operate into the equipment being con- 
trolled; for heavier loads a magnetic switch of suitable 
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Frere s AKaw CLUTCH HEAD Lowers 
the (ost of Driving Screws 


These Production Increases Tell the Story 


Double-check these exclusive features of ‘‘America’s Most 
Modern Screw’’ and determine what they mean to your 
assembly line in terms of Jower screw application cost. 


The smooth speedy tempo of the line is unhindered 
by operator hesitation. High visibility of the roomy 


y Clutch recess inspires confidence with an easy-to- 
hit target. 


The time toll of burred or chewed-up heads is climi- 
nated by CLUTCH HEAD’S non-canting driving 
\ action. The Center Pivot column on the Type ‘“‘A”’ 
Bit makes straight driving automatic. . 

with “‘green”’ operators. 


Skid damage to men and materials is checked out by 

CLUTCH HEAD’s all-square non-tapered driving 

\ contact ...for definitely higher non-stop speed, 
and with maximum safety. 


With no end pressure to combat “ride-out’’ 
(as set up by tapered driving) the CLUTCH 
\ HEAD drive-home is effortless, disposing of 


a fatigue factor. No end-of-the-shift lag 
means more screws driven. 


- €ven 


“AMERICA’S MOST 


Rugged Bit drives up to 214,000 screws without stop 

for tool change. Add to this production gain the 

\ multiple saving in tool cost . . . because the Type 
““A”’ Bit may be repeatedly reconditioned in 60 
seconds. 

The Lock-On ousts fumbling fingers by uniting screw 
and bit as a unit for one-handed reaching at any 

\ angle into inside spots. This feature frequently 
dispenses with use of a second operator. 

Basic design for screwdriver operation is a boon to 
service men and users . . . simplifying emergency 
field adjustments to save valuable operating time. 

Ask us to send you package assortment of screws along 

| with sample Type “‘A’”’ Bit and illustrated 
Brochure ...so that you may personally 
check these features. 


MODERN SCREW” 


UNITED SCREW AND BOLT CORPORATION 


CLEVELAND 2 
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rating is used. This instrument can be operated for either 
automatic or manual reset control. A-c or d-c power supply 
can be used. 


Radio Chokes 


Ohmite Mfg. Co., 4954 Flournoy St., Chicago, Ill. 
To adequately cover the higher frequencies now in use by 
amateurs, police, communications facilities and other ser- 
vices, these radio plate chokes have recently become avail- 
able. The six units are single-layer wound on low power 
factor steatite or molded plastic cores. The wire turns are 
protected and held in place by a moisture-proof coating. 
Tinned copper leads 14 in. long serve as mounting con- 
nectors. The recommended operating ranges vary from 
7-520 megacycles. Two units, of low frequency range, 
are rated at 600 ma, the other four at 1,000 milliamperes. 


Electronic Amplidyne 
General Electric Co., Schenectady 5, N. Y. 
ee regulation of speed, voltage and current is 


required, this high capacity amplifier is useful in many 
types of equipment control. Consisting of a high-gain 
balanced d-c electronic amplifier and a motor amplidyne, the 
equipment is designed as a regulated adjustable-voltage 
power supply for d-c motors up to 4 hp and as a regulated 
exciter for larger adjustable-voltage drives up to 200 horse- 
power. Making possible a speed range of 20 to 1, the unit 
maintains speed closely at any setting regardless of load 
condition, assures smooth rapid acceleration and reduces 
starting shock on the driven machine through current limit 
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control. Quick stopping without undue stress to motor or 
driven load is provided by “‘suicide braking” that utilizes 
current limit regeneration. Speed regulation can be main- 
tained for overhauling loads where the motor is required 
to absorb power and to act as a brake during part of the 
loading cycle. This equipment has an output of 14 kw, 
250 v and is arranged for use on either a 220 or 440 v, 3 
phase, 60 cycle power supply. 


Seatless Valve 
Knowles-Fisher Corp., Gowanda, N.Y. 

Designed without seat, packing and washer, these 20th 
Century Seatless Valves cannot jam or cause chattering. 
Operation requires 4 minimum of pressure and shut off is 
quick and positive. A highly polished stem engages two 
wear-resistant synthetic rubber collars, one at each end of 
the valve. In opening, the stem is withdrawn from the 
lower collar, permitting an even fluid flow; in closing, the 
stem is retracted into the upper collar forming an absolute 
seal and preventing moisture from entering the activating 
threads. A complete line of these valves is available. 


&; 


Multi-Speed Chart Mover 

Gorrell & Gorrell, Haworth, N. ]. 
The drum speed of the Mono-Drum chart mover can be set 
to any one of 22 speeds ranging from 0.0296 to 575 in. 
per minute. One or two drums can be used for chart move- 
ments or the main drum can be removed for timing control 
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For Smooth, Hushed Operation Mitchell Mfg. Co. 
Specifies LORD VIBRATION CONTROL SYSTEM 


Mircuett Manufacturing Company’s designers left nothing out 


when they planned this new Room Air Conditioner—it cools, 


dehumidifies, filters, circulates, and ventilates. And to these five fea- 
tures of atmospheric “balanced comfort” they added an important 
sixth feature—a Lord Vibration Control System. The compressor is 
suspended on Lord Shear Type Bonded Rubber Mountings to achieve 
quiet operation free from annoying vibration and to gain complete 
customer satisfaction. 


Lord Mountings add sales appeal wherever they are installed, 
for they substitute quiet comfort for disturbing noise and vibration; 
they improve the performance and extend the life of your product. 
Whether you manufacture delicate instruments that weigh ounces, 
or heavy machines that weigh tons, a Lord Vibration Control System 


can help you maintain a rising sales curve. 
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or pew unit applications. The vertical shaft assembly 
holds and rotates any drum having a @ in. dia hole. The 


standard aluminum drums have a dia of 6} in. and are 
available in 10, 20, and 30 inch lengths. The auxiliary 
drum can be adjusted on the extension shaft to take paper 
belts from 42 to 150 in. long and up to 10 in. wide. The 
standard model, Type S, is operated by a 60 cycle synchro- 
nous sparkless motor. Type H, driven by a high speed 
motor, gives speeds three times those of Type S. 
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Gas Analyzer 

Davis Emergency Equipment Co. Inc., 

45 Halleck St., Newark 4, N. |. 
The concentration of gases or vapors in their toxic range 
may be determined with this Micro-Gas Analyzer. Many 
gases including all chlorinated hydro-carbons, and the sul- 
phur derivitives can be checked directly or continuously. 
A succession of different gases can be analyzed by making 
simple adjustments. Using the principle of electrical con- 
ductivity of gases in solution, this instrument pumps gas 
through a flowrator into a combustion furnace where it is 
decomposed. A circulating water solution then dissolves 
the gas and the meter records increases in current flow 
between electrodes. Gas concentration is indicated in parts 
per million. Solution is de-ionized in a special unit and 
recirculated. Weighing 33 lb., the analyzer Operates on 110 
v, 60 cycle current 





Terminal Block 
Curtis Development & Mfg. Co., 1 N. Crawford Ave., 
Chicago 24, Ill. 
Solder-type spade lugs are locked into the body of the Type 
“K” terminal block. As binder screw is tightened, the lug 
shank is held rigidly against the shoulder in the phenolic 
body. Designed to conserve space, this assembly is avail- 
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able in units of 1 to 18 terminals. The overall height is 
S 


§ in., width including lugs is 13/16 and length per ter- 
minal is 9/16 inch. 


Cable Connector 


Aircraft-Marine Products Inc., 1585 N. 4th St., Harris- 

burg, Pa. 
Wires and cables of small diameter can be linked together 
with Solistrand solderless wire connectors. The parallel 
connector, illustrated, is used for either straight or eye 
splices. A second type, the ring tongue connector, is handy 
for attaching a wire end to a stud, screw or hook. Attach- 
ments are made by threading the wire through the con- 
nector barrel and crimping. No solder, clamp or wire 
twisting 1s necessary. 

















Fuse Resistors 
International Resistance Co., Philadelphia, Pa. 

Performing dual functions of resistor and fuse, these Type 
OWA wire wound resistors can be custom designed for 
individual circuit requirements. At a relatively low power 
level the unit functions as an ordinary resistor; at a higher 
level it functions as a fuse and opens the circuit when the 
resistor wire burns out. The fuse opens the circuit without 
smoke or flame. Available in RMA values from 15 to 15Q 
ohms, the resistors have a power rating of one watt. 








Beam Compass 


The Omicron Co., 532 W. 
Calif. 


Designed for draftsmen and engineers, this compact beam 
compass can be set rapidly to any radius up to 72 inches. 
The accurately machined head holds a standard drafting 
pencil lead or a steel scriber and can also accommodate a 
common lead pencil. The flexible-rigid type of retractable 
steel tape is locked in any position by a brake lever. After 
depressing the release lever, the tape retracts into the small 
durable die-cast case that fits easily in the palm of the hand. 


Windsor Rd., Glendale 4, 
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How the First All-Steel 


Welded 


By H. F. Seymour, President 
Columbian Vise & Manufacturing Co. 
Cleveland 4, Ohio 


\ HAT is believed to be the first all- 
steel vise fabricated by arc welding 
is the Columbian Work Shop Vise shown 
in Fig. 1. This vise was redesigned in 
collaboration with Parsons Engineering 
Corp., welding specialists, from conven- 
tional construction to arc welded steel 
to achieve superior strength, accuracy 
and long life. 
Basic material used is SAE 1020 hot 
rolled steel plate, punched and formed to 
the proper shapes. Fig. 2 shows the com- 


ponent parts. The base plate is 34” thick, 





Fig, 2. Component parts of the vise. 


the nose piece 5¢’’ and all others 346’ 

The first fabricating operation is the 
welding of the front, or sliding, half. The 
rail, T-blank, front body and ‘aw are 


assembled in a jig and tack-welded. In 





Fig. 3. Welding front body to rail 
with inside fillets. 


this same jig the front body is welded to 
the rail with inside fillets (see Fig. 3), 
and the nose piece tacked on. 


This front half is then passed to the 





Fig. 1. The Columbian all-steel welded vise. 


next welder, who makes the final fillets 
which join the nose piece and T-blank 
to the front body. The next operator 
welds the jaw to the nose piece. 

Meanwhile, the rear half of the vise is 
being assembled in similar manner by 
another bank of welders. The rear body 
and swivel base are assembled in a jig 
and tacked together by the first man. The 
next man welds these parts with contin- 
uous fillets. 


The front half and the partially- 
assembled rear half of the vise are then 
passed to a welder who fits them together. 
He inserts the sleeve, or inside guide, in 
the rear body, slides the rail of the front 
half through it, and welds the sleeve to 
the rear body with four 1-inch welds. 
Fig. 4 shows how the assembly is clamped 
in the jig. He then tack-welds on the 
rear anvil. 

The vise then goes to the last welding 
operator, who welds the rear jaw to the 
anvil and the anvil to the rear body. 





Vise is Made 


The vise assemblies are passed from 
one operator to the next by means of 


steel chutes. 


Air hammers are used to peen the 
welds and clean off the spatter, and the 
welds are then ground smooth. Hardened 
steel jaw faces are drilled and counter 
sunk into the jaws. The screw and han- 


dle are forged steel and the malleable 


iron nut is replaceable. 


AWS Type E-6030 electrode is used 
for welding the rear body to the base in 





Fig. 4. Raising clamp which held inside sleeve 
for welding to rear body. 


order to get a fillet with exceptionally 
deep penetration. For all other welds, 


E-6012 electrode is used. 


With 12 set-up men and welders, 
1,000 vises are produced a week. Pro- 
duction can be stepped up to 2,500 a 


week by increasing the force to 22 men. 


Fig. 5. Making final welds—anvil to body, and jaw to anvil. 


The above is published by LINCOLN ELECTRIC in the interests of progress. Machine Design Studies are available free to engineers. Write The 
Lincoln Electric Company, Dept. 21, Cleveland 1, Ohio. 
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is expensive 


WHERE 
Unique design and spring suspension prevent 


BASIC it in this Ward Leonard Relay 


Wah Lhe generous wipe imparted to the con- 
tacts of Ward Leonard Heavy Duty (105) 
i Relay by its unique design and spring 
suspension, results in freedom from con- 
MU tact “freezing” or welding. 

This mighty midget will perform motor 
CONTROLS starting functions ordinarily assigned to 
ARE larger relays. 
Ward Leonard relays are “Result-En- 
RESULT. gineered”. By modifying a basic design, 
Ward Leonard can give you the results of 
Magia 2 special... for the price of a standard. 
Write for Relay Catalog. Ward Leonard 
i'm Electric Co., Mount Vernon, N. Y. Offices 
in principal cities of U. S. and Canada. 


YOU 

















WARD LEONARD 


ELECTRIC COMPANY 


RESISTORS - RHEOSTATS - RELAYS - CONTROL DEVICES 
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Double Electric Switch 


Congress Fan & Elec. Co., Box 3747 
Peninsula Sta., Daytona Beach, Fla. 
Incorporating two sets of silver con 
tacts, this Type 101 electric switch 
can be used to make or break both 
sides of a single circuit, or one sid 
of two circuits simultaneously or in 
sequence. Non-snap operation re 
quires 5 oz. pressure and ;', in. move 
ment. The mounting plate and hous 
ing are plastic and the cover is metal 
Measuring 1,4, in. square and 13 in 
high, the assembly weighs 2 ounces 
Switch is designed for 10 amp at 110 
125 v a-c and under special conditions 
is satisfactory at lower d-c amperages 

and voltages. 





Gas Cylinder Valve 


Security Valve Co., 410 San Fernando 
Road, Los Angeles 31, Calif. 

A packless welding-gas cylinder valve 
with integral safety devices that pre- 
vent freezing in either the open or 
closed position and prevent accidental 
release of the full gas pressure. Held 
in place by a snap ring, a brass re- 
taining washer stops upward motion 
of the spindle at the wide-open posi- 
tion and, being free to rotate, the 
washer prevents wedging of the 
spindle. Downward motion of the 
spindle is halted both by a neoprene 
seat and a metal-to-metal contact. The 
resiliency of the neoprene prevents 
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freezing and _ increasing pressure | 
against the exposed portion of the 
seat is translated into firm contact at 
the actual sealing points. Equipped 
with neoprene O-rings, a heavy-duty 
forged brass body and a full grip hand 
wheel, this valve operates at pressures 
from 102 to 3,500 psi with tempera- 
tures from 70 to 250 Fahrenheit. 
Height is 43 in. open, 4} in. closed 
and the assembly weighs 1.35 pounds. 















1, 
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110- Venturi Oil Filter 
100 Vickers, Inc., 1454 Oakman Blvd., 
ages Detroit, Mich. 
Incorporating a venturi design, this A Q | 4 T iu we e 
proportional type oil filter for hy- | 
draulic circuits operates with equal | 
efficiency in either direction. Particles | costs you money 
of dirt, sludge, chips and other foreign 
material are filtered down to _ two- hibaite 
micron size. The use of a by-pass Ward Leonard Resistors stand up under 
valve is mot necessary as the venturi to hi + 4: ; 
Sipe se : igh humidit ASI 
action limits maximum pressure built prolonged exposure to hig dity BASIC 
up across the cartridge. The filter . . . ‘ 
a be installed in any horizontal hy- Hermetic sealing with crazeless vitreous [IAEAN 
draulic system pressure-line. There enamel, made from Ward Leonard’s own 
are no moving parts to wear out we | special VITROHM, enables the Ward IN 
maintenance requirements are limited | Leonard resistor to stay on the iob. The 
to the periodic replacement of a dis- | aia y - y ELECTRIC 
posable inexpensive cartridge. | are even unaffected by thermal shock. 
Ward Leonard resistors are ‘‘Result- 
| | tO ) CONTROLS 
, | Engineered”. By modifying a basic de- 
Thrust-Torque Indicator | sign, Ward Leonard can give you the fj 
ee —— 323 Fourth Ave., Pitts- results of a special ... for the cost of a 
ando urgh 30, Penn. RESULI- 
standard. 
Capable of measuring torque and ; : 
valve thrust loads over a wide range, the | Write for maenanee Catalog. Ward adhiaadal 
| pre- Thrustorg test unit is a sensitive device Leonard Electric Co., Mount Vernon, 
on of for providing remote or continuous | N. Y. Offices in principal cities of U. S. FOR 
lental load readings. Measurement of en- oad Casein 
Held gine thrust, bearing loads and turbine : 
35 fe wheel reactive forces are a few of its | YOU 
lotion applications. A pressure-balancing | 
posi- flexible diaphragm forms one face of 
, the the air-tight chamber. Compressed WARD LEONARD 
the air is admitted to this chamber through | 
f the a poppet type valve. The force to be e | C C0 Pp x Y 
prene measured is applied to the outside of ELE TR M A 
. The the diaphragm and is opposed by the RESISTORS - RHEOSTATS - RELAYS - CONTROL DEVICES 
events internal pressure. As the force in- 
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You are sure to find 
the exact caster or 
wheel for your indi- 
vidualrequirements 
in the Darnell line. 











DARNELL CORP. LTD. 60 WALKER ST NEW YORK 13 NY 
Me), em :1 7 Ve a Vel ze)-11) an rel bce) ma lial elon 5 


K. eey2 head with 


DARNELL 
CASTERS 





creases the valve opens to admit more 
air to balance the increased force. As 
the force decreases, air is exhausted 
until both force and internal pressure 
are equal. Air pressure within the 
chamber is therefore a direct measure 
of the externally-applied force. 





Shut-Off Valve 


Saval Company 1915 E. 51st St., L 
Angeles 11, Calif. 
A self-aligning metal-to-metal seal au 
tomatically compensates for wear in 
this hand operated shut-off valve. 
Leakage is no factor as foreign matter 
is wiped away instead of lodging be 
tween the sealing surfaces. No lubri- 
tion or packing adjustment is_re- 


quired Constructed of steel for 
uutane and other similar service, the 
unit is also available for water or cor- 
rosive service with a heavy cast bronze 
body. The valve illustrated fits a 2 


in. pipe with a straight-through open- 
ing of 114 in. diameter. With a 200 
psi line pressure, an 18 lb force is 
required at the end of the handle. 






SNAP-ON 
HUB CAP 
—a——— IN PLACE 


Embossed Steel Wheels 
Accurate Model & Engineering Co., 
7390 St. Charles Rock Rd., St. Louis 
14, Mo. 

The embossed-spoke construction of 

this steel wheel provides great strength. 

Similar to the style of the modern 
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IN counrtess APPLICATIONS, handling oil, steam, water, and other liquids, gases and semi-solids, 





American Seamless successfully withstands heat, vibration, pressure, abrasion, corrosion and 


repeated flexing. The way it is made (see below), accounts for the superior performance and 


widespread utility of this quality product. Write for Publication SS-50, which gives detailed 


information on types and uses of American Flexible Metal Hose and Tubing. 
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Heavy-walled tubes are reduced in our own 
plant to the proper thickness for forming into 
flexible tubing. Exact dimensions assure maxi- 


mum service life. 


After annealing, the thin-walled tubes are cor- 
rugated to provide flexibility. Special machines 
form these corrugations in either an annular 


or helical pattern. 


After corrugating, one or more wire braids are 
applied, depending on the service. Braids pro- 
vide added strength and prevent elongation 


under pressure. 


Although American Seamless is sold with or 
without fittings attached, it is usually supplied 
in the form of complete assemblies ready for 
installation. Either soldered-on or heatproof 


couplings are available. e353 











Auufowok 
Antu 
Catt 
METAL HOSE 
THE AMERICAN BRASS COMPANY 


American Metal Hose Branch 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


In Canada: Anaconna Amenican Brass Lr., 
New Toronto, Ont. 








OPTICAL PERFORMANCE 


Predicted on Paper 


SHOWN above on a background of the aberration 
curves with which American Optical Company 
scientists predict lens performance. is a special 
optical system designed for use with an elaborate 


machine tool. 


Many such systems can be economically pro- 
duced using stock optics from Spencer Scientific 
Instruments. Others must be specially designed. 
In either case, our long experience. large staff 
of optical specialists, and extensive manufac- 
turing facilities are the best assurance of satis- 
faction for the manufacturer who has problems 


of an optical nature. 


Write Dept. A164 for details. 


American @& Optical 
COMPANY 
Scientific Instrument Division 
Buffalo 15, New York 


Manufacturers of the SPENCER J 





automobile wheel and with a nickel 
plated snap-on aluminum hub cap, it 
is especially applicable for use on port- 
able equipment and wheeled toys. 
Flared seamless tubing is used for 
sleeve bushings so that additional 
strength is built into the complete 
assembly. Two sizes are available. 
The 4 in. dia model fits a + in. axle 
and carries a § in. solid rubber tire, 
while the 8 in. model accommodates 
a 4 in. axle and can be furnished with 
a 1} in. solid rubber or pneumatic tire. 


Strength Tester 


W. C. Dillon & Co., Inc., 5410 W. 
Harrison St., Chicago 44, Ill. 

A compact, lightweight strength tester 
capable of handling specimens in ten- 
sion and compression up to 100 
pounds. Hand operated, it will test 
tensile specimens 13 in. wide x 4 in. 
thick and rope, fibers and wire up to 
4 in. diameter. In compression, steel, 
rubber, plastics, fibre-board, cloth and 
wood adhesives can be handled. The 
instrument cannot be injured by over- 
load or shock recoil. Long-life brass 
bushings are used throughout. The 
5 in. OD dial is calibrated in 1 |b 
increments and readings are accurate 
within 2 percent of indicated load. 
The daylight opening is 1 in. min, 
4 in. max and the grip face is 3 in. 
x 1} in., non serrated. 


Bonding Cement 

B. F. Goodrich Chemical Co., Rose 
Bldg., Cleveland, Ohio. 

Kriston resin has proved an economical 


and practical replacement for 1. tharge- 
glycerine cement in bonding handles 
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‘America’s No. 1 Heel 


and Sole” 


selects 


PEKERBUNAN 
4 * A a 


BECAUSE “We tried every oil resistant mate- 
rial available and we found Perbunan could 
be finished to the right degree of hardness 
and still have sufficient high and low tempera- 
ture flex resistance in presence of oil” .. . 
writes J. M. Mason, Vice President, O’Sullivan 
Rubber Corporation. 


BECAUSE with this new O’Sullivan line, 
working shoes can now have heels and soles 
that gasoline and oil cannot penetrate— as 
happens with leather. 

BECAUSE Perbunan Nitrile Rubber will not 
deteriorate or swell after contact with gaso- 
line or oil—as happens with natural rubber. 
BECAUSE Perbunan heels and soles keep 
their safety-grip qualities longer than nat- 
ural rubber. 

IF YOU have problems that could be solved 
by arubber that not only resists oil, weather 
extremes, abrasions and wear... but also 
holds delicate colors—write our nearest office! 


RBUNAN 


THE RUBBER THAT RESISTS 
OIL, COLD, HEAT AND TIME 


ENJAY COMPANY, INC., 15 West 5ist Street, New 
York 19, N. Y.; First National Tower, 106 South Main 
Street, Akron 8, Ohio; 221 North La Salle St., Chicago 1, 
Illinois; 378 Stuart Street, Boston, 17, Massachusetts. 
West Coast Representatives: H. M. Royal Inc., 4814 Loma 
Vista Avenue. Los Angeles 11, California. Warehouse 
stocks in Elizabeth, New Jersey; Los Angeles, California; 
Chicago, Illinois; Akron, Ohio; and Baton Rouge, La. 
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FLEXIBLE SHAFTS 


Wherever power drives or remote control are re- 
quired, you can depend upon us to produce the 
Flexible Shafts that will meet the exact specifica- 
tions. We have years of experience in manufactur- 
ing flexible shafting for all types of industry. If we 
do not have what you require in stock, we can 
make shafts to your specifications. Our engineers 
will be glad to work out your problems without 











obligation. 


MACHINERY fim ELECTRONICS AUTOMOTIVE 


Vz Va Ze 


Many new uses for flexible shafts that carry power around any corner have been 

developed by our engineers . . . in machine shops, electronic, automotive, aircraft, 
in all industries where power drives or remote contro] are 
required. Write for Manual P. E. 











cr 
F. W. STEWART MFG. CORPORATION 


4311-13 RAVENSWOOD AVE. 1, | Ley. Ncl oe k yam | 4 
WEST COAST BRANCH: 431 Venice Blvd.; Los Angeles 15, Cal. 

















Solve Your Design, Fabrication 
and Delivery Problems by 











METAL SPINNING 


“TEINER’ offers Time and Money Savings 


Metal spinning the “Teiner’’ way will enable you to simplify designs and 
speed up production. In small runs you can save the cost of expensive 
dies and castings. 


“TEINER” is well qualified to be of assistance to you. As specialists in 
metal spinning for over fifty years, we are in position to offer valuable 
help in both design and production so that full advantage can be taken of 
the great savings possible through spinning, as well as the greater 
strength and finer quality of the parts produced. We are also equipped 
to fabricate commercial flange and disc heads. 


An unusual and important part of “TEINER” service is the spinning of 
stainless steel. Here again, spinning eliminates the need for expensive 
castings and machining. It will be to your advantage to submit drawings 
or samples of your parts for a cost estimate of producing your require- 
ments by spinning. Your inquiries are solicited. 


Other ““TEINER” Services 


Stamping Fabricating Assembling Soldering .... Silver 

Brazing .... Lacquering .... Welding. .etc. TEINER assures expert work in 

all metals and in any quantities exactly to specifications. Our engineers 
are ready to cooperate with you on your needs. 








ROLAND TEINER COMPANY 


TEL. EVERETT 2669 
130 TREMONT ST. EVERETT 99, MASS. 











to cutlery. This thermo-setting plastic 
has a bonding strength three times 
that of litharge-glycerine cement, has 
no sensitivity to humidity and is highly 
resistant to boiling water and food 
acids. Curing time is 6-15 min at 250 
deg Fahrenheit. After a Kriston bond 
has broken, a 100 pull is necessary 
to separate the elements. Handles 
made of wood, glass or bone can be 
satisfactorily bonded to metal with 
this material. 























Insulating Tube Socket 


American Phenolic Corp., 1830 S. 
54th Ave., Chicago 50, Ill. 


Direct mounting of metal industrial 
tubes to non-insulated surfaces is fa- 
cilitated by this steatite mounting 
bracket of compact design. The feed- 
through insulators for tube element 
connections facilitate maintenance and 
simplify parts arrangement behind the 
panel. Surface electrical creepage dis- 
tances are held to 2 in. so that high 
voltages can be used. The exterior 
of the stand-off is glazed and the metal 
parts plated. Terminal screw sizes 
of 4, in. or } in. are available. 


Photographic Paper 

Eastman Kodak Co., Rochester 4, 
N. Y. 

Known as Kodagraph Autopositive, 
this silver-sensitized photographic pa- 
per can be used in normal room light. 
It produces a high-contrast, ffne detail, 
positive copy directly from a positive 
original. Such prints are usable as 
printing intermediates or “masters” 
and as file copies. Exposure can be on 
blueprint, direct-process or other equip- 
ment having a high intensity light 
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Better products through 


Oe millon meloed rave roied JACK & HEINTZ 


Blectric Motors the mass precision production lines of Jack & Heintz 


Plant No. 7 since May, 1946 when this Company Mass Precision 


Ba 
wy 


introduced its fractional horsepower motors. And, with 
output and acceptance steadily increasing, J & H 


has become a dominant force in the electric motor field. 


Users report that these motors are giving unsurpassed performance . . . 
powering many types and makes of home appliances, office machines, 


tools and manufacturing equipment in practically every industry. Ateesete Quastess 


This typifies Jack & Heintz progress in all fields . . . to give you better products. i 
Aircraft Cem: 


tisemenn Magnetes Generators 
‘ile Aircroft inverters 


JACK & HEINTZ PRECISION INDUSTRIES, INC., Cleveland 1, Ohio 











































source. Either the 
“reflex’’ method of printing can be 
used. Exposure time is comparable to 
that of standard papers. Supplied in 
standard sheet or roll sizes, this paper 
lies flat and is resistant to emulsion 
cracking when folded. 












































feljrails. CUT TO THE 


wat OF METAL! 


Die-cutting of felt parts is a precision 
job at Booth.. 


usually associated only with metal. 


. often to tolerances 


Every order, big or little, is given 
interested and immediate attention. 
You receive only precision-cut felts of 
uniform quality and stamina. We in- 


vite your test of Booth Felt Economy, 


APPLICATION CHART AND SAMPLE 
KIT . . . comtains swatches of 
S.A.E. felt types, with spectfica- 
tion tables. Write for it. (No 


sale i 1] IU’'-u Pp 
THE BOOTH 
175 19th Street 
736 Sherman Street 


FELT COMPANY 
Brooklyn 15, N. Y. 
Chicago 5, Ill. 


2318 


oth 


PRECISION CUT 
FELT PARTS 
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Photoelectric Relay 
Control Div., General Electric Co., 
Schenectady 5, N. Y. 
A long-range photoelectric relay and 
light source, operating on the modu- 
lated light principle, can be applied to 
trafic control, counting and limiting, 
and protection of restricted areas. The 
light source contains a lamp, trans- 
former and motor-driven slotted disk 
that interrupts, or modulates, the light 


“print-through” or | 








beam at about 900 cycles per second. | 


The photoelectric relay has a tuned cir- 
cuit that is responsive only to a light 
beam modulated at this frequency. It is 


not sensitive to changes in natural or 


artificial illumination. The light source 
has an infrared filter which removes 
most of 
beam. When operated at distances up 


to 1,000 ft, this equipment will not | 
| falsely operate because of rain, fog or 
| snow-fall. 





Electronic Servi System 
Askania Regulator Co., 
tario St., Chicago 11, Ill. 


The basic units that make the complete | 
| Automatic Electronic Remote Control 


240 E. On- 


the visible light from the | 


and Positioning system can be com- 
bined in a variety of ways to produce 
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COUPLINGS 


Engineered to stand up on 
the toughest jobs, Thomas 
Flexible Couplings do not 
depend on springs, gears, 
rubber or grids to drive. All 
power is transmitted by di- 
rect pull. 





The standard 
7™ line of Thomas 
i{\| Couplings meets 
‘) practically all 
requirements. 
But if unusual 
conditions exist 


Pym ik 






kim die 
lag hy; » | Y {| we are equipped 
| OG Che lt to engineer and 
\ i } dy » © build special 
(B-a\weer —s couplings. 
it a 
{ih | fi 
Ry 1 
| 
A Yay 
SW 
PATENTED 
FLEXIBLE 
DISCS 


THE THOMAS PRINCIPLE 
GUARANTEES PERFECT 
BALANCE UNDER ALL CON- 
DITIONS OF MISALIGNMENT 


Write for New Engineering Catalog 


THOMAS FLEXIBLE 


eel t Tal ich aek 


WARREN, PENNSYLVANIA 
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LAMICOID 





H re 9 
is epen fe | e on fe | COUNTS eee lé rsatile I A MICOID 7S used for 


'. mechanical strength 
2.wear resistance 
3. machinability 
4. light weight 
5. quiet operation 


With a dial count of 1300 per minute, Marchant Calcu- 
lators are the world’s fastest. To meet such exacting re 
quirements, Marchant uses versatile LAmicoip for many 
moving parts, structural clements and electrical insu- 
lations. 

Gears made from Lamicot run smoothly and quietly, 
and provide the wear and abrasion resistance necessary 


for long, 


= ulCo 


trouble-free life. This material is easily ma- 


NSULATION 





many moving parts, struc 
tural elements and electrical 
insulation in Marchant Cal 
culators where de pe ndable 


performance e counts. 


chined to precision tolerances, and holds its shape and 
accurate dimensions under hard usage. 

Lamicoip is available in a variety of fabric and paper 
bases laminated with selected thermosetting resins. It 
has high electrical and mechanical strength, is highly 
resistant to moisture, oils, and dilute acids, It is light 
and offers strength without bulk. Consult our technical 


representative for full details about LAMiIcorp. 


moma) MICA Vaated COMPANY 


Schenectady 1, New York 


Atlanta * Birmingham ¢ Boston * Chicago « Cincinnati * Cleveland * Detroit * Houston * Los Angeles * Milwaukee * New York * Philadelphia 
Rochester © St. Louis * San Francisco * FABRICATORS: Lamicoid Fabricators, Inc., Chicago, Illinois * Bakoring, Inc., Houston, Texas 
Insulating Fabricators Inc., New York City © Insulating Fabricators of New England, Inc., Watertown, Mass. 


1948 Bp 
RODUCT ENGINEERING — JANUARY, 1948 


185 








MANLY 


the 


Maintenance Man 


MANZEL LUBRICATORS 





for efficient, dependable lubrication 

of ANY type of heavy equipment. This 
simple foolproof force feed system cuts 
operating costs up to 60%. For the 
right answer to YOUR lubrication 
problems write MANZEL. 


PUNCH 
PRESSES 


STEEL MILL 
BULLET SHEARS 


es, 


RUBBER MILL 
EQUIPMENT 





CRANES, 
HOISTS, 


COMPRESSORS 
ENGINES: DIESEL, 


GAS, STEAM 


WOOD WORKING 
MACHINERY Builders of HIGH PRESSURE 


METERING PUMPS 
Since 1898 


Manzel Inc. now supplies repair parts for all 
models of Bowser and Torrington Lubricators. 


A Subsidiary of Frontier Industries, Inc. 


338 Babcock Street Buffalo 10, N, Y. 








CUSTOM MADE 
For EVERY NEED 


For best results, get in touch 
with Sewall engineers while 
your product is still on the 
drawing board. Close toler- 
ances are efficiently maintain- 
ed in the production of racks... 
sprockets...spur... spiral... 
bevel . . . Zerol bevel . .. worm 
gears. We furnish prompt esti- 
mates on any quantity. 





E. B. SEWALL MANUFACTURING CO. 


696 Glendale St. 





St. Paul 4, Minnesota. 








systems to meet many industrial remote 
control needs. Three basic units make 
possible this flexibility; Transmitter, 
from which point any desired position 
of a remote receiver can be selected; 
Control Amplifier, illustrated, which 
responds to the setting of the trans- 
mitter and accordingly controls the 
supply of power to the receiver; and 
the Receiver, which moves a load to 
the selected position. Strong, dust 
proof cast metal cases of the trans- 
mitter, amplifier and receiver are built 
to withstand shocks, vibration and cor- 
rosion. Signal lamps and/or audible 
warning signals are available to indi- 
cate position and direction of travel 
of the controlled equipment. These 
systems are easily installed and are ad- 
justed by four protected but readily 
accessible set screws. 


Suspension Clamps 
Electric Fittings Foundry, P.O. Box 
370, Birmingham, Ala. 


These bronze and aluminum strain and 
suspension clamps have been designed 
to be 20 percent stronger than the 
largest size cable they will clamp. 
Bronze clamps are for use with copper 
cables and aluminum clamps are for 
use with aluminum cables. Bronze 
clamps on copper cables prevent the 
electrolysis and corrosion that is pres- 
ent when iron or steel clamps are used. 
These clamps are used without metal 
liners and can accommodate a large 
range of cable sizes. Since both clamp 
materials are non-magnetic, hysteresis 
and eddy currents are not prevent and 
there is no danger of annealing when 
the line is loaded. The clamps are in 
the bright raw state of metal and have 
been designed for light weight by 
using narrow keeper guides instead of 
large flanges The electro-galvanized 

)” bolts and pins do not touch the 
cables. 
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